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SECTION 1

INTRODUCTION

1.1 GENERAL

This volume contains the procedures usecd and data measured as part of a base-
band expansion study sponsored by the IRIG Telemetry Working Group (TWG),
funded by White Sands Missile Range (WSMR) and the Electronic Systems Division
of the USAF, and undertaken by E'actro-Mechanical Research, Inc. of Sarasota,
Florida, on 17 June 1964 under conitract DA-29-040-AMC-746(R)., In essence,
the program consisted of an evaluation of equirment, a study tc determine a feasi-
ble baseband expansion, and a program of experimentation to evaluate expansion
and provide recommendations for systems application,

Telemetry equipment representative of thattypical in field use was gathered and
evaluated to determine if there were any characteristics which would prohibi! its
use in an FM/FM baseband expanded in frequency to 200 kc. Those parameters
which were thought to contribute to total system error were aiso evaluated. Pa-
rameters such as receiver IF-envelope delay variation, transmitter dynamic lin-
earity, tape-recorder harmonic distortion, etc., were measured, Where possible
similar units from different manufacturers were cobtained,

In order to determine the feasibility of the recommended expansions of the FM/-
FM basebands, a complete laboratory telemeter was constructed and several base-
bands were evaluted using specific system tests, The systemn tests included ex-
perimental optimization of the transmitter pre-emphasis, intermodulation,
signal-to-noise and system error tests, Determination of the effect of post de-
tection recording, systermn accuracy, arnd applicability for pulse modulatxon were
considered as w 2ll, A !

1.2 FORMAT DESCRIPTION

The format of this report includes two volumes, Volume I contains the summar-
izations of the data obtained and interpretations and conclusicns based upon this
data, This volume, Volume II, as an appendix to Volume I, contains the detailed
procecures used and the actual data measured. Both volumes are subdivided into
similar sections. A description ofthe program objectives, the overall approach,
and the design of the recommended basebands are contained in Section 1 of Volume
I. Section 2 in both volumes discuss the equipment evaluation. The individual
systems tests are included in Section 3 of each volume, Volume I alone contains
a fourth section where the program conclusions and recommendations appear,

Throughout this report, figures and tables have been sequentially numbered within
each section with the volume number, mRoman numerals, as well as the section
number appearing each time,




1.3 BASEBAND DESIGN AND DESCRIPTION
1,3.1 Proportional-Bandwidth Basebands

The design of the expanded proportional-bandwidth baseband is a direct expansion
of the present IRIG configuration. The center frequencies of the high frequency
channels are approximately 1.3 times the previous upper channel. Thus, channels
are located at 93 kc, 124 kc, 165 kc, 220 ke, etc. Like the present IRIG channels,
it is desirable to operate all channels at £7, 5% deviation or by deleting alternate
channels when operation at 215% deviation is desirable, '

Although the spacing of the new proportivnal-bandwidth channels was straightfor-
ward, the number of additional channels that can be added under the constraint of
the 500 kc receiver IF bandwidth and the transmitter-radiated-spectrum limitation
needed to be determined. Using a technique proposed by H. O, Jeake“), the higher
subcarrier channels can be compared to the present 70-kc channel:

"From a study of the sideband structure of a frequency modulated

- signal it is found that for a given deviation the envelope formed by
the sidebands have steeper akirts tur the lower modulating
frequencies. Since this is the case, only the highest modulation
frequency is important unless a pre-emphasis taper is used
opposite to the normally used tapers. Also from the theory of
FM sideband structure, when multiple modulating frequencies are
employed, additional modulation components are produced over
the components produced by the superpcsition of the simple com-
ponents due to the individual modulation frequencies. These

- additional frequencies are the sums and difference of the
simple sidebands removed from the carrier, Fortunately,
their amplitudes are equal to the producta of the Bessel
function amplitudes producing the original simple sidebands
and are therefore relatively small. It therefore appears to be safe
to assume that for a ncrmal pre-emphasis taper or evea no taper
the bandwidth occupied by an FM/FM telemetry system is
dependent on the modulation level of the highest frequency sub-
carrier only. "

A sideband study of the higher frzquency channels was made using the radiated
spectrum limit: The 40 db bandwidth of the modulated carrier, referenced to
the unmodulated carrier, shall rot exceed +320 kc. Carrier components
appearing outside a + 500 kc bandwidth shall not exceed -25 dbm.

(1) Jeske, H. O., Extension of Proportional Bandwidth FM Subcarrier Channels,
Unpublished paper, '
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The sideband calculation for 7. 5% and +15% subcarrier deviations are shown
in Tables II-.1, 3-1 and II-1, 3-2 respectively,

Note that a 0, 01% allowance is made for drift ard the -25 dbm specification is
converted to -75 db relative to a 100-watt unmodulated carrier. Since IRIG
document 106-60 limits transmitter power to 100 watts, this is a worst case
condition.

The procedure used for the calculation of Tables II-1.3-1 and II-1, 3-2 is to
first determine the sideband which lies just outside the bandwidth limit. Next,
using a table of Besse! functions, choose the maximum modulation index (MI)
that does not cause the sideband outside the particular bandwidth to exceed the
radiated spectrum level, From the modulation index, the maximum transmitter
deviation allotted to that particular channel can be determined, This procedure
is repeated at center frequency and at the bandedges to determine the limiting
case, The limiting case then determines the maximurn allowable transmitter
deviation for that channel.

Table 1I-1, 3-3 shows a comparison of the signal-to-noise performance of the
high-frequency channels relative to the 70-kc channel, based upon the maximum
allowable transmitter deviation derived in Tables II-1, 3-1 and II-1, 3-2.

To define further the number of channels to be added to the proportional -band-
width baseband, the minimum transmitter deviation allotted to each subcarrier
was determined. This minimum is based cn the criteria that the receiver should
threshold at a carrier -to-noise ratio higher than that for the subcarriers to
threshold, i.e., the receiver should threshold first. For this condition to be
maintained, the subcarrier-to-noise ratio must exceed the receiver IF carrier-
to-noise., The minimum transmitter deviation allotted to each subcarrier is thus
the deviation sufficient to cause the subcarrier-to-noise ratio to equal the IF
carrier-to-noise ratio. Figure II-1. 3-4 shows the minimum deviation as a
function of the subcarrier center frequency. The straight line which defines the
minimum deviation is the classical 3/2-power curve and is based upon the fol-
lowing calculation: ‘

Assumptions: . Triangular noise in passband.

Subcarrier-to-noise ratio equal to
IF carrier-to-noise ratio

IF bandwidth = 500 kc

BPIF bandwidth = 15% of center
frequency

Carrier -to-noise above threshold.
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Bc t'dc
S/N) =
( )l (SIN)C 2B f
] [
where, - .
‘ ('S/N)s = subcarrier-to-noise ratio
(S/N) = IF carrier-to-noise ratio
" B_ = IF bandwidth
B, = Subcarrier filter bandwidth
f de = Peak carrier deviation allotted to particular subcarrier
channel
f8 = Subcarrier center frequency
But, (S/N) = (S/N) , therefore
8 1/2
' ZBs
fac = % B
c

As an example, consider the 46 kc £15% channel:
1
! ']l/Z

2(12, 000)
40, °°°| [ 500,000 |

fdc:

f 8,76 ke

dc
In addition to the minimum deviation line in Figure II-1, 3-4, the maximum
carrier deviation from the sideband study shown in Table II-1.3-2 is also plot-
ted. The area of permissible operation, i.e., peak transmitter deviation al-
lotted to each subcarrier, is thus the region bounded by the two curves in
Figure II-1. 3-4. The maximum subcarrier center frequency is also found to
be 135 kc. The initial expanded proportional-bandwidth baseband considered
thus contained channels at 93 kc and 124 kc; however, during the system test it
was found that the 165 kc channel could be added while still maintaining the sub-
carrier threshold above the receiver threshold. This is discussed in more
detail in Volume I, Table II-1, 3-5 shows the channel alloca.txon: for the base-
bands evaluated using the laboratory telemeter,

1. 3.2 Constant-Bandwidth Baseband

A similar calculation of maximum and minimum transmitter deviation allotted
to each subcarrier channel as described for the proportional -bandwidth base-
band was also made for the constant-bandwidth baseband. The sideband study -

calculations are shown in Table II-1, 3-6 for binary channels spaced 8 kc apart

-4-
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and with 2 kc, Calculations are also shown for each channel with £4 kc devia-
tion; however, only alternate channels can be used with £4 kc deviation.’

The minimum transmitter deviation to maintain the subcarrier-to-noise equal
to the IF carrier-to-noise ratio was calculated for £2 kc deviation in an identi-
cal manner as for the proporticnal-bandwidth baseband and is shown in Figure
II-1,3-7. The maximum deviation based on the sideband study shown in Table.
II-1.3-6 is also plotted in Figure 1I-1,3-7, The area of permissible operation
is then again the region bounded by the two curves. The maximum center fre-
quency is approximately 180 kc. Thus, the constant-bandwidth-baseband con-
figuration which most nearly meets the objectives of the baseband expansion
outlined in Volume I and which was chosen for evaluation is the 21-channel sys-
tem ( Figure I-1,5-2) with the highest frequency channel at 176 kc. The channel
allocations and implementation for this baseband are shown in Table II-1. 3-8.

1. 3. 3 Combinational -Bandwidth Baseband

To meet the object've of a baseband providing both constant- and proportional -
bandwidth channels, the combinational-bandwidth baseband was designed and
evaluated. This baseband consists of taking the 21 -channel constant-bandwidth
baseband and filling the space between dc and the first constant-bandwidth chan-
nel at 16 kc with IRIG proportional-bandwidth channels.

With the £2 kc constant-bandwidth channels spaced 8 kc apart, the guard-band
limit associated wit™ each channel is 2 kc or #4 kc from band center. For the

16 kc channel, this gjuard band extends to 12 kc. The center of the guard band
between IRIG channel 12 (10. 5 kc 7. 5%) and channel 13 (14. 5 kc 7. 5%) is

12. 3 kc which is above the 12 kc guard band edge for the first constant-bandwidth-
baseband channel, '

Thus, the highest IRIG channel used in the combinational-bandwidth baseband is
channel 11 (7. 35 kc 7. 5%). The combinational-bandwidth baseband thus consists
of IRIG channels 1 through 11, Table II-1. 3-5,and constant-bandwidth channels

) through 21, Table II-1, 3-8,
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1.4 DEFINITION OF SYMBOLS AND TERMS

The abbreviations and symbols below are used throughout the text,

BPIF
CBW

Crosstalk

db

dbm

DR

FBW

IF

Intermodu-
lation

LPOF

- MI

PBW

rms
transmitter
deviation

Bénd-pass input filter of subcarrier discriminator
Constant bandwidth

Interference in a given channel which has its origin in
another channel, e.g., adjacent channels in a frequency
division multiplex system,

Voltage or power levels referenced to unity in decibels
Power level in db referenced to | milliwatt or voltage
level in db referenced to the voltage into 600 ohms which
dissipates 1 milliwatt

Deviation ratio; in a frequency modulation system, the
ratio of the maximum frequency deviation to the maximum
modulating frequency of the system.

Full bandwidth

3-db cutoff frequency

Maximum modulation frequency for a particular deviation

ratio

Intermediate freqeuncy amplifier of receiver

The modulation of the components of a complex wave by

. each other, producing waves having frequencies equal to

the sums and differences of integral multiples of the com-
ponent frequencies of the complex wave,

Low-pass output filter of subcarrier discriminator

Modulation index; for a sinusoidal modulating wave, the ratio

of the frequency deviation to the frequency of the modulating
wave,

Proportional bandwidth

Transmitter deviation sensitivity (kc peak/voltage peak)
times rms voltage input.
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(S/N)_
(S/N)

(S/N),

Carrier-to-noise ratio
Signal-to-noise ratio

Subcarrier-to-noise ratio
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100 T

40 ¢

Peak Carrier Dewviation (kc)

Maximum Deviation Limit
for Radiated Spectrum

-40 db outside +320 kc
«25 dbm cutside £500 ke
Pc = 100 watts

i Minimum Deviation Limit

| for (S/N)' = (S/N)c

" IF = 500 kc
- BPIF = #15%
. (S‘/N)C above threshold

2 4

10 40 100 400
Subcarrier Center Frequency (kc)

FIGURE 1I-1. 3-4

FM/FM CARRIER DEVIATION LIMIT FOR WIDEBAND

PROPORTIONAL BANDWIDTH CHANNELS
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CHANNEL ALLOCATIONS FOR
PROPORTIONAL BANDWIDTH BASEBANDS

Expanded
Proportional
IRIG Bandwidth
Baseband Expanded
. . Baseband
with . Proportional with
Center IRIG Wideband Bandwidth .
: Wideband
Frequency Baseband Channel Baseband | .
Channel
(kc) ' :
0. 40 1 £7,5% ¢ +7,.5% 1 £7.5%1 1 £7,5%
0.56 2 x27.5% 2 x7.5% 2 x£7.57% 2 %7.57,
0.73 3 27.5%| 3 £7.5% 3 +£7.5% 3 £7.57
0.96 4 +7,5%| 4 £7.5% 4 £7,5%1 4 £7.5%
1.30 5 £7.5%| 5 £7.5% 5 £7.5%| 5 £7.5%
1.70 6 +£7.5%] 6 *7,5% 6 £7.5%] € ~ +7.5%
2.30 7 +7.5%| 7 +£7.5% 7 27.5%1 7 +7,5%
3.00 8 £7.5T 8 £7.5% 8 £7.5%| 8 £7.5%
- 3.90 9  £7.5%| 9 x7.5% 9 +£7.5% 9 x7.57,
5. 40 10 £7.5%{10 £7.5% | 10 £7.5%|10 £7.57%
7.35 11! £7.5%1 11 £7.5% | 11 +£7,.5%| 11 £7.5%
10.5 - 12 x7v.5%l12 £7.57% | 12  £7.5%f12 +£7.5%
14.5 13 £7.5%|13 +£7.5% | 13  £7.5%|13 £7.57
22.9 14 £7.5%|14 £7.5% | 14 x7.5%)i4 £7.5%
30.0 15 £7.5%15 £7.5% | 15 £7.5%|15 +7.5%
40.0 16 £7.5%|16 x7.5% } 16 £7.5%|16 = +£7.5%
52.5 17 £7.5% 17 +£7.5%}17 +7.57 |
70.0 18 7.5 E +15% 18 +7.5%|18 £7.5%
93.0 —_— e 19 +7.5%|19 +£7,5%
124.0 - - 20 £7.5%
165.0 l —_ —_— 21 £7.5%]| H +15%
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Peak Carrier Deviation (kc)

" Maximum Deviatién Limit
1007 " | for Radiated Spectrum
| -40 db outside 2320 kc
=25 dbm outside £500 k¢
P =100 watts
4014 ¢
10 ¢
4. 0 &
Minimum Deviation Limit .
~ for (S/N)' = (S/N)c
"IF = 500 ke
|  BPIF = #Zkec
1.04 o i (S/N)c above threshold
*.. i _‘E.‘.*..A..r.,, L S
R
- ‘ TR U S I
10 40 100 ‘400

Subcarrier Center Frequency (kc)

FIGURE I1-1. 3-7
FM/FM CARRIER DEVIATION LIMIT FOR
2 KC CONSTANT BANDWIDTH CHANNELS
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TABLE II-1, 3-8

CHANNEL ALLOCATIONS FOR
CONSTANT BANDWIDTH BASEBAND

vCO Translation Channel
Channel Frequency Frequency } Frequency
Number Group (kc) (kc) (ke)
1 16 16
2 24 24
3 A 32 None 32
4 40 40
5 48 48
6 56 - 56
7 56 64
8 48 72
9 B 40 120 80
10 32 88
11 24 - 96
12 56 104
13 48 112 -
14 C 40 160 120
15 32 128
16 24 136
17 56 144
18 48 | 152
19 D 40 200 160
20 32 168
21 24 176
-20-




SECTION 2

EQUIPMENT EVALUATION

2.1 GENERAL

This section contains block diagrams, procedures, and measured data for the
equipment-evaluation portion of the baseband-expansion study, The equipment
evaluaticn was undertaken to measure characteristics of the equipments used
which would affect the accuracy of the telemeter or the ability to add additional
higher -frequency channels to the baseband. '
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2.2 VQLTAGE -CONTROLLED OSCILLATORS

Of the 36 standard IRIG 27.5% VCOs and twn 93,5 kc £15% VCOs receiwd as GFE

for the study contract, five units were selected for evaluation:

Manufacturer Model Frequency
Tele-Dynamics 1270A 3.0 kc £7. 5%
Tele-Dynamics 1270A  70.0 ke £7. 5%
Vector TS -41 3.0 kc 27, 5%
Vector TS-41 70.0 ke £7.5%
Vector TS-41HF 93.5 kc £15%

Serial No.
21-404

27 -565
3742-25
5683-25

8485-5

- An EMR 307A, 32 kc #2 kc VCO was also subjected to the same evaluation t-sts
of static and dynamic linearity, modulation feedthrough, total harmonic dir“or-

tion, and crosstalk.

Block diagrams and measured data for these tests are contained in Tables I-

2.2-1 through -2, 2-4.
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TABLE II-2,2-2

VCO MODULATION FEEDTHROUGH

Modi/ation 47 /2 ;‘(Id ‘f;u’é |
’ avmacda yco

/ (cps) “wﬂh’)
7D/ /12704 .y /e - aoos8l |
70.0kc27.57, 250 ﬂ’ l}
Yector 75-4/ - s2s0(M:s7) 0.374%
70.0kc £ 157, (1) ' #
Vector 7S-41 HE /goooﬁf/rlj o877
S35 ke + /5% v :
| Py zm{”/'S'} 0-/7%
EMR 3074 2000 (M/=1) aaizy
R.Ok £20t

With Hhe audio ascillator at / weasure #e/f,
componenl af the VCO outol referenced fo the wimodhterbe/
vco aw}u. wﬁﬁy

A‘J:O 51” | wwe
Oscillabr —~1 WO > ::;"Ygx
200¢CD
w ‘~ -].(-O-Z.sv 8k
‘9;* )
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TABLE 11-2,2-3

VCO TOTAL MHARMONIC DISTORTION

| 751‘!/ Harmonic D:s{orfm/ -'
(cqirtlu»f‘cx/'IZQJHWMﬁQYQN‘EvlIﬂf?? ¢2¢§‘Hkl‘/%a“€’lg/ ~

70/-1270A 30kc2] ST
TDI-72704 70.0k. £ 787
fechr TS-41 F0kt]ST
Voctr TS-41 700k 78],
Vecor 75-41 HF 9. 5ke £15%%

EMR 3074 32.0kc+2.0b

- JOK s+—{ VCO

HBE CF LBE
0.2 7 af27  aitl
23 A asyi a2y
o.¢0% o3y o157
0./9% 0247 4297
o0457%  O03NF or/7%
0.07% o7 oos%

Distortion

Analyzer

hp'3‘ 8

38K
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TABLE I1-2, 2-4

VCO CROSSTALK

‘ S | | lllJ ‘o
OA;‘:;: F—VL.’_‘E/C_'O_ 2 'Osa”/lakr |
Ap 20060 257, - 2Vmes hp 300€0

5% | L=
Jas e 1R O fo fOke
Mode/ |
670
Disc.

Oscifbsxpe| | | Disketion| _|Cacilhsope
p 1708 ";: e hp 1308

VCOi were #esfed/ as above ‘u'ﬁ a»ua/aﬁﬁ:v]

““c'y corrcspond’;y, % aw A{/'Z ax/ a J:sr»kuk-

akr OUW ﬁ/kf(uns/mfamﬂ%‘/‘&ﬁ#%?”"q
(om:,nna’z'nj fo an MI of 1. Mo cns:-ﬁ./é yr«/\?r FHhaw
2017, of bandwdb was ohrerved owtside e ﬂff"ﬂd
o,C the a/.'.scro'ms‘na t‘r :bpu)‘ f/kr. “72( e.qocn'mm/ s
PCf‘d/d whh a 87k resistr Su“ﬁ"“"‘/;&- #'. Vcaj
wth identil resulls; therefors, crosstalk due o Fhe

YCOS was /&Jya/ fo be ney[‘j:“/é.
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2.3 MIXER AMPLIFIER
The Sonex TEX-3210 Mixer Amplifiei' was evaluated for frequency re.sponse,

harmonic content, and intermodulation characteristics. The respeciive results
and block diagrams for the tests are included in Tables II-2, 3-1 through II-2. 3
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TABLE I1-2, 3-1

FRE QUE N/ Yy A’Espo/v_se SONVEX 7Ex-3210

. Fr-efaenc)/-

cps

S0.0
/0.0

299.0

%

- L00.0&

S90.0 &
F50.0 4

/ioMc
.Zd’ﬂ(c
a'TOMc

Mixer Gain: +10aY

Aelatve

Leve/

db

-0.8
-0.7
0.0

7

Q.0
-7,2
-32.0
~-3.8
-8.8
—/5.2

M/,\/Ee AMPLI FIER

Volhoe for
hp 400D

Jljﬂc /
iGenera
Ap bS04

4.7£

28~

v‘w Pt

.S'oaex
Mirer

TEX-32/

Mms
Wolrmeter
S uke

9/04 |




TABLE 1.2, 3-2

" HARMoNIC éoArrENr
SONEX TEK-3210
MIXER AMPLIHER

Fend. Lyt Harmonic leva/
F;'e;:l”::g; (b refatye H ;cnémedﬁ/ /
| ;z'!’f | J;q:/ 4“6!
shke -56.5  _s95 - 73.0
2 ke -56.0 -59.0 ~72.5
S ke -55.0 -58.5 -72.0
/0 & ~53.0 -58.0 -72.0
2ok -53.0 -58.0 _-72.0
SOk -49.0 -5¢4.5  —4&o
/O0kc ~4(.0 —-60.5 -72.0
/S0k  —440 -6as5 —-73.5

Mixer Gaie = +10db
Ouwsput Leve/z Odbm inkbaor or 770my

Total Harmonic Distorban = O.6% ], Hr 150k case,
s wi'thin +he specification for the Ap 6504 =ypos
enerajor used. Measureiny instrumeat: 4o 3i0A Wave

4':4/,;0-. |
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TABLE I11-2, 3-3

WNTERMOOULATION TEST
SONEX TEX-32:0
M1 XER 4MPA/F/5?

Fe ‘cnc | f ‘/ :
A h-F A
/, | A | | ,t;ef, Leve/ F? Leve/
Fooses 560cps /éago.s‘ / ;(m//: Pbors J}ﬂw{é
I3k 17 Aooeps 8 ptts S0k 27‘.//, |

/E.S5ke 220k TS5k 77”% 9.5k, 24 umi
93.5ke /240t Fo.sk .27,./,4 — Z

//kmfé/- channe/ oropor Korne/ mlu“’/ex p’?—(wﬁéﬂy‘&/

s used ith o Gut adjusted # 1.0 lpns arlh akl
channe/s Vﬁu}é! , : '

rco

;, .
(e Sonex Wave _ ,
yco R /VI‘XCI’ 4”4’ : [;ltﬂ?ét'

| £ i o ho S243L
2 [7Ex JZ/ﬁ 4y 304 o
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2.4 GROUP TRANSLATOR

2.4.1 General

The EMR Model 316 Frequency Translator is used in constant-bandwidth FM/FM
telemetry systems to generate stable high-frequency subcarrier channels by trans
lating up in frequency the outputs of standard EMR subcarrier oscillators (VCOs)
operating in the lower subcarrier frequency spectrum. The block diagram of a
constant-bandwidth VHF FM/FM telemeter is shown in Section 1.5 of Volume I.

The outputs of the subcarrier oscillators for CBW channels 1 through 6, 16.0 kc
through 56.0 kc, are linearily mixed in the Model 316A-01 for Group ""A.'" The
outputs of five subcarrier oscillators, whose center frequencies and frequency
deviations are identical to those of the VCOs for CBW channels 2 (24. 0 kc) througi
6 {56.0 kc), are mixed in the Model 316X-01 Frequency Translator for Group "B.’
The outputs are frequency translated as a group to the multiplexed subcarrier
channel frequencies for CBW channels 7 through 11, 64.0 kc through 96, 0 kc.
Multiplexed channels 12 (104. 0 kc) through 16 (136.0 kc) are similarly obtained
by the Model 316X-02 for Group '"C, ' and channels 17 (144.0 kc) through 21

(176. 0 kc) by the Model 316X -02 for Group '""D." The subcarrier channels in

- Group ""A'"' are mixed but not translated in frequency. The Group A, B,C, aad

D outputs are linearily mixed in a Model 311A Mixing Amplifier and the multi-
plex output signal, consisting of constant-bandwidth FM subcarrier channels 1
through 21, is applied as the modulating signal to the VHF FM transmitter.

The entire telemeter may contain only six different types of subcarrier oscillators
The frequency deviation of all VCOs is within the limits of £3.57% to £12. 5% of

center frequency, which makes it possible to generate accurate and stable sub-

carrier FM signals. A number of proportional-bandwidth channels may be add-
ed in the lower frequency spectrum of Group ""A'' below 16. 0 kc if additional chan-
nels are required, as is shown in Section 1.5 of Volume I, '

2. 4,2 Specifications

A detailed evaluation program for the group translator was not undertaken as part
of the baseband expansion study. The unit was, however, evaluated by other EMR
personnel and its performance to the following specifications verified:

Subcarrier Frequencies: Standard constant-bandwidth FM subcarrier channels
spaced 8.0 kc apart from 16 kc to 176 kc. Other constant-bandwidth FM systems
are available with multiplexed subcarrier channel center frequencies in the range
of the 4 kc to 750 kc.

Subcarrier Frequency Deviation: *2 ke, =4 kc, and £8 kc are standard. Other

constant-bandwidth FM systems are available with subcarrier frequency deviation
in the range of =1 kc to %16 kc.
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Subcarrier Deviation Polarity: Deviation polarity of subcarrier channels in
Group "A" is maintained; deviation polarity of channels in other groups is in-
verted. Normally overall positive polarity from VCO input to subcarrier dis-
criminator output is maintained due to reinversion of the inverted channel, in
ground frequency detranslation equipment such as the EMR Model 259,

Input Signal: Model 316A (Group ""A'"): Outputs of EMR Models 306A, 307A, or
309 A VCOs for channels 1 through 6. Outputs of VCOs for channel A and/or
proportional -bandwidth channels may be added if additional channels are required.

Model 316X (Groups "B," "C," "D,'"...): Outputs of EMR Models 306A, 307A,

or 309A VCOs for channels 2 through 6. For standard constant-bandwidth sys-
tems a 46. 4k ohm mixing resistor, contaired in the VCOs, is used. The EMR
VCOs for use in standard constant-bandwidth systems have a floating output
ground connection to reduce inter-group crosstalk to a negligible level,

Output Signal: Adjustable to 5 volts peak-to-peak maximum open circuit (mea-
sured at output test point), referenced to ground. A series mixing resistor of 10k
ohms minimum is installed at manufacture to provide the desired system em-
phasis, '

Heterodyne Signal: A crystal-controlled reference signal is generated within
all Model 316A Frequency Translators except the Model 316A for Group "A."
A test point is provided for monitoring this signal. ‘ '

Frequency Range: 50 kc to 800 kc
Frequency Accuracy: £0. 005% at 25°C
Frequency Stability: £0. 0025% from the frequency at 25°¢C

over the range -20°C to +85°C

Subcarrier Gain: Overall subcarrier gain is measured from the input of the
VCO mixing resistor (VCO test point) to the open circuit frequency translator
output (Model 316A output test point). The subcarrier gain of a frequency at
the center of the output passband of the Model 316A is adjusted in manufacture
to 0.1 (~=20 db). The subcarrier gain for frequencies in the passband from
low band edge to the lowest frequency output channels to high band edge of the
highest frequency output channel is within 1 db of the gain measured at the
center of the output passband,

Subcarrier Emphasis: Relative subcarrier levels are adjusted by '"output' "
controls of the VCOs. Group level is adjusted by '‘output' control of Model

316A Frequency Translator. Multiplex level (modulation signal to the VHF FM
transmitter) is adjusted by ''output' control of the Model 311A Mixing Amplifier,
The output mixing resistor of each Model 316A is adjustedin manufacture for
approximate mid-setting of the '"output' control of the Model 316A for the desired
emphasis, Recommended emphasis schedules and list of nominal system levels
for standard censtant-bandwidth FM/FM systems are available on request.
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Spurious Output Signals: Individual spurious output signals are -46 db or less
referenced to the nominal individual subcarrier output level. This specification
includes the following undesired output signals:

Undesired sideband

Input multiplex feedthrough

Hetrodyne signal (fundamental, harmonics, and sidebands about harmonics)

Input signal harmonics generated in the 316A

Input signal inter?nodulation products

Power supply fipplevcomponents

Based.on 5 subcarriers per translation group, nominal levels are:
Measured Level

At Tecst Point of SCO At Output Test Point of 3i5A

Subcarrier Level | 1.5 rms 0.15 rms
Multiplex Level ces . 2.2 p-p
Power Supply Sensitivity: Operaticn is as specified with a steady-state supply

voltage or a 4-volt pcak-to-peak dynamic change in supply voltage (dc to 100 kc)
anywhere in the range of +24 to +32 volts.

Power Requirements: Positive 28, 0 volts dc nominal referenced to ground;

+4. 0 volts; 30 ma at nominal voltage,

Operating Temperature: Op%ration is as specified with steady-state temperature
in the range of -20 C to +85 C,

Vibration: Sinusoidal vibration along each of the three major axes of the referenc

oscillator at 0. 06 inch dcuble amplitude or a peak acceleration of 35g, whichever
is less, up to a frequency of 2000 cycles per second, results in an offset change
in output frequency of less than 0. 005% and incidental FM, measured with a %7, 59
discriminator at a deviation ratio of 1, of less than 0. 1% rms of bandwidth,

Shock: Shock of up to 200g, 11 millisecond duration, causes an offset change

in output frequency of less than 0.005% and peak incidental FM, measured with
a #7.5% discriminator at a deviation ratio of 1, of leas than 0. 1% of bandwidth.

Continuous Acceleration: Continuous acceleration of up to 300g produces a change

in output frequency of less than 0, 005%,
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Altitude: A change inaltitude from sea level to 200, 000 feet produces a change in
output frequency of less than 0. 005% provided the surface on which the unit is
mounted is maintained at constant temperature,

Humidity: Operation is as specified over the humidity range of 0% to 95% relative.
z.5 TRANSMITTER

2.5.1 General

A Leach FM 200 Transmitter and an EMR 121D Transmitter werc selected for
evaluation as representative telemetry transmitters, The Leach FM 200 is a
transistorized unit, while the EMR 121D is a vacuum tube design. Total harmonic
distortion and deviaiion sensitivity were measured on each transmitter for
deviations up to £+200 kc and modulation frequencies as high as 225 kc.

The EMR Model 270 Subcarrier Discriminator was calibrated for deviation
sensitivity (20, 020, 2%); linearity, 0. 1% BSL; and total harmonic distortion
cdata on the particular audio cscillator used was measured; the data is included
as Table 1I-2,5-2,

2.5.2 Total Harmonic Distortion

Equipment outlined in Figure II-2,5-3 was used to measure transmitter total
harmonic distortion. Each transmitter was evaluated by using freguency trans-
lation and the EMR 270 Subcarrier Discriminator as a precision receiver. De-
toiled procedure for the total harmonic distortion tests is as follows:

1. With equipment setf up as in Figure II-2, 5-3, set the audio oscillator to
the durired fundamcntal frequency., Fundamental frequencies of 3.0 kc,
30 ke, 7C ke, and 225 kc were used.

2%

Adjust the audio oscillator amplitude to yield the desired transinitter
deviation as indicated by the discriminator output voltage measured
or. the HP 310A Wave Analyzer. Record the transmitter input voltage
level required.

3. Tune the wave analyzer to harmonics of the fundamental and record
their levels.

4. Compute the total harmonic distortion as follows:

! o a,2 PR- g 2
%'I‘HD=J 2 + 3+ ... + anOO

71
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where,

. e ] = rms value of fundamental voltage
¢ , = rms level of nth harmonic voltage

Harmonic distortion data obtained for the EMR 121D and the Leach FM 200 are
given in Tables II.2. 5-+ through II-2, 5-8 and Tables II-2, 5-9 through 1I-2.5-13,
respectively. This data is presented graphically in Figures [-2,5-1 and [-2,5-2
of Volume I, -

2. 5.3 Deviation Sensitivity

By measuring ti.e transmitter input signal level as part of the total harmonic
distortion test, dara on deviation sensitivity is obtained without a separate test.
Data measured on transmitter in,ut level as a function of deviation and modulation
frequency is presented in the same Tables II-2.5-8 through II-2.5-13, Graphical
presentation of the data is included in Volume I, Figures [-2,5-3 through I-2,5-6.
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2.6 RECEIVER

2.6.1 General

A Vitro/Nems-Clark 1455A Telemetry Receiver and a Defense Electronics, Inc.
TMR -2A Telemetry Receiver, both tunable from 215 Mc to 260 Mc, were evaluated
as part of the equipment evaluation program. Intermediate frequency (IF) ampli-
fier amplitude and time-delay characteristics, and output noise density were
evaluated on each receiver. Total harmonic distortion was measured for the Nems -
Clarke 1455A in combination with the EMR 121D Transmitter.

2.6.2 IF Amplifier Characteristics

2.6.2.1 Amplitude Response

The Nems -Clarke receiver was equipped with 5-Mc IF amplifier, IFM-500-1;
the defense Electronics receiver was equipped with a 10 Mc-IF amplifier, IFA-
D2. The amplitude response of the Nems-Clarke IF amplifier was tested using
equipment as shown in Figure II-2.6-1 and the following procedure:

1. With the oscillator at 5. 00 Mc select an input signal level such that
the amplifier is not saturating, i.e., such that a change in input
amplitude provides the same relative output change.

2. Tune the oscillator acrnss the bandwidth of the amplifier, Record the
input signal level required at & given frequency to maintain a constant
output level equal to that at 5. 0 Mc, bandcenter. Record the output
level used. .

3. The increase in signal level required relative to band center is the
IF amplitude response as a function of frequency.

Results for the Nems-Clarke 1455A Receiver are given in Figure II-2, 6-_ and
are presented graphically in Volume I, Figure I-2,6-1,

Measurements orf Defense Electronics, Inc. TMR-2A Receiver IF amplitude
response characteristic were complicated by the lack of a precision voltmeter
operable at and above 10 Mc. The technique employed uses the eqmpmen‘ as
shown in Figure II-2.6-3 and the following procedure:

1. With the equipment connected as shown, disable the receiver automatic
gain control (AGC) feature by grounding J-105, pin A,

2. Tune the oscillator to center frequency, 10 Mc, insert 65 db attenuation
and establish a reference voltage level on the oscilloscope.
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3. Tune the oscillator across the passband of the amplifier in convenient
steps recording the frequen 'y and attenuation settings required to

maintain the reference level on the oscilloscope. (The response of the
particular oscillator used varies smoothly from +1.0 db at 9. 50 Mc to

~1.0 db at 10.5 Mc, relative to 0.0 db at 10.0 Mc.)

Amplitude response data on the TMR-2A Receiver is pr"e_sentéd in Figure II-2.6-4 .
and appears graphically in Figure [-2,6-2 of Volume L.

2.6.2.2 Intelligence-Delay Variation

Each receiver's IF amplifier was measured for intelligence time-delay variation
across its passband relative to that at band center. The equipment used is out-
lined in Figure II-2,6-5. In general terms, the procedure involves using a 10-kc
tone to generate Larrow-deviation frequency modulation which, using the receiver's
internal local oscillators, is positioned in frequency across the IF passband. The
F'M signal at the IF oulput is then translated and detected by a precision discrimin-
ator. Phase shift of the 10-kc intelligence tone as the FM signal is positioned at
different frequencies across the IF passband can be easily converted to time aelay
variation relative to band center, The procedure in detail i3 as foliows:

1. With the transmitter input grounded, adjust the receiver local oscillators
to produce an IF amplifier bandcenter signal.

2. Adjust the HP 650 oscillator to produce a much larger signal than
that of the IF output at a frequency such that a 1. 00 Mc band center
o signal is supplied to the EMR 270 Subcarrier Discriminator.

- 3. Apply 10 kc to the transmitter at a level such that the 1. 00 Mc
+5% EMR 270 Discriminator produces 573 mv peak or 1. 15 voits
peak-to-peak output,

4. Adjust the amplitude and phase through the phase shifter so that a
null is obtained at the input to the oscillogcope between the discrimina-
tor output and the phase shifter output with the IF signal at center fre-
. quency.

"5, Ground the phase shifter output and verify that the full-scale voltage
being nulled is 573 mv peak-to-peak at the HP 130B oscilloscope input,

6. Measure the approximate time delay between the transmitter input
! and the discriminator output with the Tektronix 545A Oscilloscope.

7. Reestablish and record the null condition for thé IF signal at band-
center,

8. Tune the receiver local oscillator to shift the IF signal to a new fre-
quency position in the passband.

-50-
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9. Tune the HP 650A to return the discrimirator input to 1. 00 Mc,
band center.

10. Do not adjust the phase or amplitude settings in the lower or upper
paths.

11. Read the peak-to-peak voltage from the HP 130B. Each 10-mv peak-
to-peak increase in the null voltage as the IF signal is positioned at
various places in frequency across the IF passband corresponds to a 1°
phase shift at 10 kc, or 0,278 usec of time delay variation relative to
the IF bandcenter condition.

The results obtained for the time-delay variation for each of the two receivers
‘tested are combined with the amplitude response test results as given in Volume
I, Figure I-2.6-1 for the Nems-Clarke 1455A and Figure [-2,6-2 for tne Defense
Electronics, Inc. TMR-2A,

2.6.3 Output Noise Density

Receiver output noise density was measured on the Nems-Clarke 1455A and
Defense Electronics TMR-2A for various carrier-to-noise ratios. The equip-
ment employed is shown in Figure II-2.6-8. Procedures used in making the
measurements were slightly different with each receiver due to variations be-
tween units. A general procedure wich individual variations noted is as fol-
lows:

1. Establish a fixed AGC level in the receiver; =4,0 volts dc was used for .the
1455A, 1.5 volts for the TMR-2A,

2. Measure noise. For 1455A 5-Mc IF amplifier, use J. Fluke 910A True
RMS Voltmeter to measure total IF noise. For TMR-2A 10-Mc IF ampli-
fier, use Sierra 158A High Frequency Wave Analyzer to measure the noise
level in a 4. 5 kc bandwidth (determined by separate test of 158A) and con-
vert to total IF noise by the square root of the ratio of the IF bandwidth
to 4, 5 kc, the analyzer bandwidth,

3. Measure the IF amrglifier output signal level with the Sierra 153A using
an unmodulated carrier. Set the carrier level for the desired signal-
to-noise ratio. The Sierra 158A has been calibrated to read the same
as the J. Fluke 910A with a 0.6 volt, 5-Mc signal applied to both.

4, Measure the receiver output noise with the HF 310A frequency-selective
voltmeter and divide the resulting voltage readings by the square root
of the bandwidth used to normalize the data. . Express this quotient in

decibels,

Results obtained are presented in Figure II-Z, 6-9 for the 1455A and Figure
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11-2,6-10 for the TMR-2A. Volume I, Figures i-2,6-3 and [.2,6-4 present
the measured results in graphical form.

2.6.4 Total Harmonic Distortion

Total harmonic distortion characteristics of the two FM detectors of the Nems-
Clarke 1455A receiver were measured in combination with the EMR 121D Trans-
mitter which had been evaluated independently as previously described. The
procedure of summation of individual harmonic components, as measured on a
frequency-selective voltmeter, was used. The equipment ernployed is given

in Figure II-2,6-11, the block diagram of the test,

B e

The procedure used is as follows:

l. Adjust the oscillator to the desired modulating frequency. Maodulation
frequencies of 3 kc, 30 kc, 70 kc, 100 kc, and 225 kc were used.

v el b Seosaliin e

2. Set the transmitter input level for the desired deviation in accordance ?
with the previously measured transmitter sensitivity, Deviations from 4
25 kc to £200 kc in £25 kc intervals were used.

3. Adjust the receiver gain to produce 1.0 volt rms fundamental output
as measured on the HP 310A frequency-selective voltmeter.

4. Measure the harmonics individually and compute the total harmonic
distortion.

Harmonic distortion data obtained from the Nems -Clarke 1{55A in combination
with the EMR 121D is given in Figure II-.2, 6-12 {hrough I1-2, 6-21.

2.6.5 Intermoduiation
Difference -irequency intermodulation products were measured using the block

diagram of Figure II-2,6-22. Data obtained is contained in Tables II-2.6-23
and II-2.6-24., The receiver output was maintained at 1. 0 volt rms,.
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TABLE 1I-2,6-2

/F AMPLITUDE RESPONSE

’ﬂthﬁb%vﬂsrAéizmvi{ﬂmdﬂudéklﬂﬂ

ke’

¥500
#600
S£7O00
€L2/7

#7738
+8o00
Fgoo
Sco0
S/00
S5200
5300
S¥o00

- S500

5270
5294
5bo3
482/
5230

5130

hymf

Jb

-/.0
-26.4
-508
-540
-$57.0
~6l.8
-6(.2
-600
-57.4
-58.0
-52.9
-30.8
-13.9
~-57.0
—-54.0
-3.0
-6/.8
~-58.0
_1“%7'

-54.

4:}"&/.

-3

Aﬁymnc
2

- 60.0

- -33.4

-2
- 6.0
-3o
/8
+/1.2

0.0

-2.6

-2.0

-7.1
-29, 2

{

-—3‘0

-0

- 60.0

+1.8 (Feak)
- 2.9 (fnek)
~4.3 (vettey)
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TABLE 11-2, 6-4

IF AMPALITUODE RESPONSE
DE! TMR-CA s»th 1FA-D2

Fre?u'enc/v (rme) Rcspanse (db)
23Y -36 |
2.5 - 30
9,54 -3y
9.6%9 -)2
9.2/ -6
?f 75' - 3
277 -2
2.28 -/
9.8 o
2.25 +/
2.9 | o©
/0.0 s I
0./ o

10,18 -/
10, 2 -2
.23 -3
10,27 -6
/0, 3Y /<
72.97 -Y
/0.52 - 30
v b |-36
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TABLE 11-2, 6-6

IF INTELLIGENCE ODELAY
Noms-Clarke 19554 Sy Z283
Sy 1AM -500~/ - % 155
A L0000 0 /%% a0 K = QAITE  psee.

A/om:'nc/ HEH“‘“T Nuse Deccers Caicusntsy Dscrisgscer - Oscraese .-

1F I F  VerrasE Prasesuis D"f-w‘ Time Deioy Drra
o+ Eany : '
FRea, KC Frea K YTt ok F P sec. Mraswerso=
A s/
A’/éOO »‘/éod < Oy ’!‘“—3//‘_‘562 -/ r .

Y700 4700 W wy /0° 27794 -32 -2
HE00 4§00 K55 HK5° ) 528, =320 =2

700 9300 g, 3
3'0 0d 5000 wWui R 30 o
- P /VOISF

5/00 500 < j0m. -3/ =l

5200 5200 YO mv %0° 1120 =32 10 =2 .
5300 5300 94w Q4 20/] -T2 0 -2 .
5900 s5v0yq 257 TR
Y707 Y7/T7 100m JD° 2778 -33 4 -3
Y738 473Y om. 96° 2649+ -33¢ -3
5270 570 $4ny Z4° a334n-33 - -3

5277 5297 F0me 90° 2500 -33+ -3 -

Y050 L3O ISy §5° 2301--33% =3 .

E350 533U 96 mv 94 2669 <35 -5 o
3780 5750 1 mo 9.2° 25530 -27+ +3 - ;
33287 5328 L0 my /07 2939 33 -3 . |
5725 5925 20m0 20° asser 30+ O -

SY77 5977 20Fmv 104 2887 =27 43 -
W75 4675 J0Om 90° 25004 -3an -2

-~
-
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TABLE 11-2,6-7

IF INTELLIGENCE DELAY
DEI TMR-2A with |FA-D2

Frequency {mc) | Phase Shift (69| Time Deloy Cus)
6 /0 0.28
1.7 . 2.7 0.75
9. 3.9 0.94
9.9 ry | 0.39
/9.9 | o 0.0
/0.7 ' /.0 - 0.28
/0.2 27 » o.75
0,3 3.3 0.92
/70, Y ' /g Cl 0_42
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DIFFERENCE FREQUENCY INTERMODULATION DATA,

TABLE II-2, 6-23

LEACH FM 200 AND NEMS-CLARKE 1455A

Mo/uh/"p] Transmiffer Feat 5«::;r g‘«;;:e;' Rercentage
Frequency Inont Deviation ;rcyulnty Leve/ Totermed.
& Vems ke £ MY g
700 | /3 R00 700 | 175
52,57 | .34 /47 /7.5 | )2 [ 55°%
70.0 ). 62 /80 760 775
S5 | )22 /)35 175" | 6.6 % |
70.0 ]. Y ¥ /60 70.0 | 790
K2.5" | 103 )20 )75 77 1098%
70.0 ).20 )40 70.0 785 | |
52.5 | 0.94 ’Es )7.57 | 707 | ).36%
70.0 .03 )20 70.0 790
525 | 08 g0 1257 | /1Y | )45 %
700 | a0 | oo 70.0 | 305 -
| 525 | 068 75~ | 175 | 108 | /34 %
70.0 0.72 20 70.0 | 790 |
52.5 | 0.54 L0 175 | 97 [.23%
70.0 0.5 é0 70.0 790
525 | 0% | 45 | 475 | 80 | )os %
700 | 0.36 0 70.0 795
| sa.s5 | 0.27 30 ) 7.5 4.6 0.70 %o
700 | 0.18 20 70.0 | 795 |
2.5~ | 0.1% /5 /75 2.3
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DIFFERENCE FREQUENCY INTERMODULATION DATA,

TABLE I1-2. 6-24

LEACH FM 200 AND NEMS -CLARKE 1455A

| Modutsbng

Transmetfor

Peat Recerver | Lecesver Rercente

Frequency /npu? Leviation ;f:??;:] f: é:a//' zi‘./ermz |

£c Vrms kc kc MY g '

|24 | 20 | 200 |y 720

93 .5 /570 - 3] b @15 %
)24 .8 /80 124 730

93 ).4 /385 | 31 35~ | 4.30%
) 24 )b /160 | 2y 730 | |

93 ).d 120 _3) 245~ 3. ¥43%]
) 24 ). /Y0 |2y 7570

93 ).0 rrs 3/ 2/ | 2.80%
)ay ).2 )0 ) 24 745"

93 0.90 90 3) 1.4 | 2.47 %
/24 /.0 /00 ) 24 7875
- 93 0.75° 75 3/ /58 1 2.00%
124 | 0.80 80 )24 760 ]

93 0.b0 60 3/ /28 |1).68%

) Y 0.b0 60 129 | 760

93 D.45” 45" 3) IC | 32 %
/124 0.90 | 40 24 | 760 |

93 0.30 30 3/ by | 0.86%|
/29 0.20 20 124 770

93 0.5 | 14~ 3/ 3.0 0.39%
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2.7 GROUP DETRANSLATOR

2.7.1 General

The EMR Model 259 Group Frequency Detranslator accepts a multiplex of FM
subcarriers in the range between 5 kc and 1100 kc, and using a reference signal
appearing at the input along with the data subcarriers, detranslates the multi-
plex into groups of multiplexed subcarriers suitable for direct application to
subcarrier discriminators.

The Model 259 uses the reference signal in the input multiplex to synthesize the
frequencies required to detranslate the respective subcarrier groups. Each
group which is to be detranslated is selected from the input multiplex by a group
band-pass filter. The separated group of subcarriers and its corresponding re-
ference frequency are applied to a balanced modulator which drives an output
amplifier which is, in turn, suitable for driving a bank of discriminators. The
output signal represents the selected group of subcarriers translated down in
frequency to the spectrum cccupied by the lowest frequency group.

The Model 259 contains a delay line to equalize the envelope delay of the input
multiplex and the envelope delay of the reference frequency so that tape-speed
errors will be essentially the same in the translated channels as in the untrans-
lated ones. Vernier adjustment of this equalization is provided for each detrans-
lated group. The outputs of all groups are time correlated so that tape-speed
compensation may be used without external delay lines. Since the deviation
bandwidths of all data discriminators are equal, the data outputs are also time
correlated. '

Normally, one bank of discriminators is used for each group. For applicatinons
where only one bank of discriminators is used on a time-sharing basis, as was
the case in the baseband evaluation, a switch on the front panel of the Model 259
makes possible the connection of the discriminator bank to any group output. A
calibrate-operate switch is also provided. With this switch in the calibration
position, all discriminator banks are connected to the output of the lowest-fre-
quency group selector, thus enabling calibration of all discriminators witk the
calibration signals available from an EMR Model 260 Modular Three-Point
Calibrator.

Section 1. 5 of Volume I contains the constant-bandwidth system used in the base-
band evaluation.

2.7.2 Specifications

A detailed evaluation of the EMR 289 Modular Group Frequency Detranslator used
in the constant-bandwidth system was not undertaken as part of the study contract.
Operation within specification was, however, certified by other EMR personnel.
A summary of specifications is included below,
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Subcarrier Frequencies: A multiplex of FM subcarrier [rzquencies in the
range from 5 kc to 1100 kc is converted into groups of subcarriers suitable
for direct application to subcarrier discriminators.

Data Time Correlation: Data channel time errors contributed by the Model 259
Group Frequency Detranslator are less than +1° from the BSL delay for standard
EMR systems at a deviation ratio of 2 or greater.

Multiplex Input Voltage: 10 volts peak-to-peak maximum. Normal level of
each individual subcarrier is 100 mv rms.

Multiplex Input Impedance: 10,000 ochms

Reference Input: 10 millivolts to 1 volt rms from a compatible EMR reference
discriminator with constant-bandwidth reference channel selector (for example,
Model 210A with 210T-03, Model 267R-03, or Model 270A with 270T-03). The
normal reference input to the Model 259 is 100 millivolts rms. The level of the
reference in the multiplex should be 6 db above the level of the subcarrier with

with highest amplitude,

Group Outputs: (Specification applies to each output.)

Voltage: | 10 volts peax-to-peak maximum (open circuit)
Current: 30 ma maximum

Impedance: 91 ohms

Stability: If the output current does nct exceed 30 ma,

no iastability will result from any capacitive
load. An output overload or short circuit
will not damage the unit,

Gain: Adjusted at the factory to 6 db + 1 db to each subcarrier.

Intermodulation Distortion: Each intermodulation distortion product, &% normal
input level, is less than 0.5% of the amplitude of any subcarrier.

Subcarrier Feedthroug_l_z_:_ For flat subcarrier amphasis, lower-group subcarriers
in the detranslated group outputs are suppressed at least 46 db.

Image Rejection: For flat subcarrier emphasis, images of undesired groups
which appear in the desired group are suppressed at least 46 db.
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2.8 SUBCARRIER DISCRIMINATOR

No separate equipment evaluation was performed on the EMR 210 Subcarrier
Disciiminators. Before use in the baseband evaluation, each unit was returned
to the EMR manufacturing test department and retested to certify operation
within specification. A summary of performance characteristics pertment to
the ba-eband evaluation is presented in Volume I, Section 2. 8.

2.9 TAPE RECORDER

2. 9..11 Amplitude Response

Amplitude response data on the Mincom G-~107 and Ampex FR 1400 Tape
Recorders were obtained using the following procedure:

a. Clean and degauss the heads using the Magneras‘er hand
degausser on the G-107 heads and the Ampex Model 111
bulk degausser on the removable Ampex heads.

b. Degauss the tape &ith the bulk degausser.

c. Apply 1.0 volt rms to the input and adjust the input level
control until the monitor meter indicates 0.0 db. This
provides normal record level to the recorder heads. The
Ampex FR 1400 input level attenuator has been preset
and locked (by the manufacturer's representative) so that
a 1.0 volt rms input provides normal record level.

d. With the recorder operating, adjust the output attenuator
for 0.0 db on the 1.0 volt rms range of the voltmeter
(use high damping ) thh a 1.0 volt rms, 1000 cps, input
applied.

e. Sweep the oscillator as required to obtain the frequency
response characteristic, taking care to assure a 1.0 volt
rms input signal at each measured frequency.

f. Repeat for each track of the recorder.

The measured data is contained in Tables II-2.9-1 and 1I-2. 9-2 and is presented
graphically in Figures I-2,9-1 and 1I-2. 9-2 of Volume I. Because of recall of
the tape recorders by the manufacturers, a second Ampex FR 1400 tape record-
er was borrowed in-house for use with the constant-bandwidth evaluation. This
machine contained 500-kc elentronics, modified by Ampex to extend to 600 kc,
and was capable of operation only at 120 ips. Only its frequency response was
measured (Table I1I-2.3-14),
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2.9.2 Phase Response

Tape recorder phase response was measured using equipment as shown in the
block diagram, Figure 1I-2.9-3. The procedure used is as follows:

a. Degauss tape, heads, and transport mechanisms.

b. Set the oscillator frequency so that the last flip-flop in
the string generates a square wave in the neighborhood

of recorder low-frequency cutoff.

c. Use the lower frequency square wave as f; and the next
higher as f; (f, will be second harmonic of f}).

d. Set Khron-Hite low-frequency cutoffvto 20 cps, and high-
frequency cutoff to the fundamental frequency of its input
square wave.

e. Observe summation of two sinusoids at "A' on one trace
of a dual-trace oscilloscope.

f. Place delay line in f) path and, with recorder operating
in record/reproduce mode, obscrve recorder cutput on
second trace of oscilloscope. ‘

g. Operate the oscilloscope on alternate trace mode and
trigger the oscilloscope internally so that the trace
starts at the same input voltage level on each sweep.

h. Adjust the delay through the delay line so that the wave=-
forms at A and B are identical. Display both traces
superimposed on oscilloscope, to assure best possible
alignment of waveshape, and phctograph.

i. Move flip-flop outputs upone flip-flop each and repeat,
producing harmonic combinations across as much of
recorder bandwidth as practical.

The high-frequency cutoff of the Khron-Hite filters is 200 kc. Also, the mini-
mum step adjustment of the delay lire is 1 usec. Therefore, no data was taken
at frequencies higher than 200 kc. Measured data is presented in Table II-2. 9-4.
A typical photograph is shown in Figure 1I-2.9-5. Volume I, Figure 1-2.9-3
presents the data graphically.

2.9.3 Noise Density

Output noise density as a function of {requency position in the band was measured
on each of the two tape recorders as shown at the bottom of Table 1I-2.9-6. The
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following procedure was used:
a. Degauss heads, tape, and transport mechanism.

b. Apply a 1.0 volt rms 1000 cps sine wave to the recorder
input. For the G-107, adjust the input for 0.0 db on the
input meter yielding normal record level. The FR 1400
is preadjusted and locked so that 1.0 volt rms input is
normal record level.

_c. Operate the recozder in record/reproduce mode at 60 ips.
d. With the Hewlett-Packard 310A set for 200 cps bandwidth,
measure the recorder output noise as a function of fre-

quency, being careful to avoid 1000 cps and its harmonics.

e. As a check, disconnect the analyzer input and measure its -
residual noise level in 200 cps bandwidth position.

The data is contained in Tables II-2.9-6 and 1I-2.9-7 and presented graph:cally
in Figure 1-2.9-4.

2.9.4 Intermodulation

Intermodulation tests were made using the technique outlined in the block dia-<
gram of Figure I1I-2, 9-8. Both sum and difference intermodulation products
were measured; the measure data is tabulated in Table 1I-2. 9-9 and presented
graphically in Fxgure I-2. 5 of Volume I

2.9.5 Total Harmonic Distortion

Using equipment as described in Table II-2.9-10, total harixonic d1stortxon was
measured on the two tape recorders using the following procedure:

a. Degauss tape, heads, and transport mechanism.
'b.  Apply an input signal of 1.0 volt rms and 1000 cps and
adjust input and output attenuators as necessary to

operate recorder at normal record level,

c. - Operate the tape recorder at 60 ips in record/reproduce
mode,

d. Maintaihing 1.0 volt rms input and output level, adjust the
oscillator frequency across the band of the recorder.
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e. At cach input frequency. measure the harmonic zontent
of the recorder output with the frequency-selective
voltmeter operating with a 200 cps bandwidth.

f. Combine the rms voltage measure of each harmonic in
rms fashion to obtain the total harmonic distortion.

- The measured data is given in Tables I1I-2.9-10 and II-2.9-11 and preSented
graphically in Figure I-2.9-6 of Volume I.

2.9.6 Crosstalk

Using equipment as described at the bottom of Table 1I-2.9-12, crosstalk
between channels was measured on the two tape recorders using the following

procedure: , .

a. Repeat instructions a. through d. of section 2.9.5, above, !
establishing normal record conditions. ‘

b. At each input frequency, measure the output of the channel
containing the input frequency and the two higher-numbered
and two lower-numbered channels. (This measures the
channels on adjacent tape tracks and those on adjacent
head positions.) ‘

The mcasured data is given in Tables II-2. 9-12 and 1I-2.9-13.
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TABLE II-2.9-1 :
FREQUENCY RESPONSE TEST .
AMPEX FR 1400 TRACK NO. 2, ELECTRONICS NO, 1 AND NO, 2

Electronics 1 Electronics 1 Electronics 2 Electronics 2
Track 2 Track 2 Track 2 Track 2
Freq. Relative | Freq. Relative Freq. Relative Freq. - Relative
Output Output Output Output
cps db cps db cps db cps db
252 -6.0 | Bobe +t0 235 -6.0 | N0k ro2
310 —3.0 | (/00 +/4 | AT75 -3.0 | 20 +0.2
PEAK V{0
329 -2.7 | 766 +17 Joo ~2.0 | #ObL +O.4
: PPAK
F50 -30 |200 +1.6 332 —16b6 | Fchk 410
’ MIN !
229 -37 | 300t +12 | #2/ -2.6 |r00k +i2
500 -19 |goot. +08 | 479 10 |/374 #.8""
700 -0.9 |#s0tk 106 | 556 067|200t +1.6
.06 0.0 |s00k ro0.l | 470 -0.5"| 300k +12
) [ § v
L5k +07 |Ss0k +0.3 | 785 +02 | dcok +0.3
30k r0.7 | book -—-0.6 Ok 0.0 |500k +02
/70 Kc .0 7/54&. 3.0 3.0k +8.6 . 7/7‘-[& -'3.(3_
20k -2.2 |Bookc -6.0 | 4,0t r+04 |B08k -6.0
0k 0.2 Jok +O.4 | |
|
(Osc/V/arbf N 74#; our '
ppéson [ Ta| Qtput adyisernd o
| ‘s oS4 A204% on /.0y
Yott ’ ¢¢ LOke
J.Fluke
910A

BLOCK DIAGRAM TAHPF RECOPDER
FREQUENCY RESANSE
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TABLE II-

2.9-2

FREQUENCY RESPCNSE TEST, MINCOM G-107

Channel One

Channel Three

Channel

Four

Channel Two

Output
Level

Input
Freq

Output
Level

Input
Freq

input
Freq

Output
Level

Input
Freq

Qutput
Level

Szr.’s ‘A.DJL
}200.’3 "/.IJ‘)
,%l cps ‘3.O<“J
3986?3 "/-OJL

500 cps -0 8 Jé

600 cps
800crs

900 cps = 0.5db

/.0 ke
/2 ke
4.0 kc
6.0 kc
23 ke
50 ke
/70 k¢

200 ke - l&q db
%34 xc 0.0 db
3)0kc-).0db
3)8 kc-2.0db
32bkc-3.04db
340 kc-6.0d)

0.8 db
-0.84db

0.0db
+0.9db
+].0db
+104d

0.0db
-0.4db

-0.b db

L v kel 2 db

87cps 'éDdbL 90"75 'évadb

152 cps -3.0db
300 c,:s-l.‘/Jb
500cps -1).24db
800cfs -1.0db
850cps -0.8db
900cps -0.bdb
.0 k¢ 0.04db
1.2 ke +Q. 8JL
133Kc +l. Oa’b
).78 Kk +05J},

5.0 k¢ +0.8d)
8.0 x¢ +0.94}b
12 kc +0.8 db
20 ke +0. '/JL
40 xe -0.3 db
30 )¢ 0.0 db
120 xc +0.6 db
230 Kc+0.34d)
300 kc-0.3db
304 k¢ -1.0d)
326 Kc -3.0db
346 kc-60db

350 ke -6.34b

163 cps
207 eps
270 cps
600 cps
800cps
900¢ps
1.0 k¢
/.4 k¢
6.0 kc

/0 ke +l2dh

12 k¢
A0 kcC
40 ke
b0 ke
/00 KC
150 kC
200 Isc

274 kc-3.0db
305KC-b.04db

-0.bdb

-0.4 d}

-3.0db
-2.0 db
~1.0 db
~-0.34b}
-0.84db

0.04db
+1.]db
+1.3 db

+.2db
+0.7db
+0.) db
0.0 d)b
-0.1d}

-1.0 d}

90:.?5 -6.0d)
lébcrs "30«15
500c.ps -1.3 Jb
.‘:35«.,, -10 Ja
300cps -0.8db '
)0 ke 0.0db
1.2 ke +09db
2.0 KC #/.Jd'g
4 Dke+1.34b
5.5kc+).24)
70 ke +).) db ‘
20 ke +0bdb
NO K¢ *D/Jb;
LD ka-0.1db
S0 I -0.24)
120 A¢ -0.3 db
160 Isc -0.8 db |
16845 -1.0db:
245k -2.0db
213kt -3.044.
3)0k-6.0db
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TABLE II-2, 9-4

TRPE RECORDER TIME-DELRY
ANO PHASE-RESFOW:E D474

Wb oy 3l
:§ S ?\3\ a3 \s > ¥
DI N S P I\
Mincom Gr07: | /.ur |
| Hhe /bt 0 V] o
/b b 8t 2.0 yA S8°
) A - 8 /s
fke 24 20 28 z242°
2k k. & 13 #o7°

Jb.  Soow 270 383  690°
Soogs 250 740 /143 /270

AM,oex FR /400
| 6Ll 32k O o o
32k 16k / / 58°
/6 ke 8 0 / 2.9
8t . ke 7 8 11.5°
4 24 A2 30 2/.6°

2 ke /éc‘ /89 /730 €4.5°
ke SBeys fo0 530 954°
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Frace A, Akcégne'cvﬁnéi line ¢z~z/'14giﬂt
lﬁfCZV*ﬂﬁﬁ’ und 7512t1r 4 /&corder

t'ﬂﬁﬁﬁﬂﬁf #o Abe'.squ!ﬂ-anztuunaqfauma(
49h543/ :574!224/' Hor /75;46”{:}7

FIGURE I1-2.9-5
TYPICAL OUTPUT PHOTOGRAPH TAPE RECORDER
TIME-DELAY AND PHASE-RESPONSE TEST
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TABLE II-2.9-6

NOISE TEST - MVCOM 6107

| J,EA& !

F.’-c,uny - Lare/ &”"""/ | “'dv |
/V /y'"J - .fz;': | -ﬁ lov.
o0 foc0 fLes  -710
2. $ke 2000 f 2 =770
Scke S0 34 -890
/0.0kc 250 - ITe - 950
200k 00 - M2 -970
25.0ke - /6o | /L3 -98.9
#o.0k. 25 48 <1041
/00.0k: /10 78 ~102.2
200.0k+ /50 | - /a6 -935
Joo.ok. 3s0 24.7 -92.1 !
ALoc.oke 250 ! 7 é - 950
500.0k: 200 /42 =970
J00.0k /50 /8.6 - 99.5
Qov.0ks - f00 \ B 2 -103.0
/000,0k< 2o 200 37 -/04%9

Cscillator

‘ 7a Hiare Anal;
#p 200D [~ Sooreder [ ‘olarbyf

Zoorder Znput=1-0Y% s | Gaster
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TABLE 1I-2, 9-7

NOISE TEST - AMPEX FR /400
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| Residwat _davel b &,
Fopuney  Lorel iy T (ioe
fOocps /¥ 0.0bmv o.97mv - -4ao
S00cps /0 0.70)mr  —63.0
2.85ke l’7 C.iZmv  -784
Sske 8.80 S7Tuv -8¢.9
8.0 kc 0.65 f‘/v | -84.7
/6.0&c o0 23.2/0' - =90
32.0 0.28 /7T m - 95.0
6f0k 0.22 /56 v -9.2
/28.0k 0.22 ISkpv  -96.2
. 25%.04 0.23 16.34v -95.8
S72.0 ke 9,32 22.9.« -92.9
/024.0k. &.é0 4 | 42.1/‘” -87.4
L €M 0.62 0.06mv 418/;/ -87
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TABLE I1-2.9-9

INTERMODULATION TES]
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DATA
Mincom G (07 AMPEX FR1400
h A Ak LA A A A A
Soo o0 35mv -~ S0 /& L 5m —
700 800 Z5m. -~ Jo0 ke  Sme —
/kc Z ke 35me -~ lke  2ke  Somy -
/b 2.4k 2.5me  35msy | [k < ke v“smv -
<& 37 éc 22mvy 4oew | 2Lk k. HAbnr
3é&c £ kc /.8my Zlbmv | 3k L TTEE ¥ 2 T
#bc Sk (omv 2om| ke  Skc  43mvy -
Séc bk  [Bmr 20mv| 5 k ke 4$3my —
7ée  Bke [Bmv domv| Tk Bt 43mv —-
[Cke 11 ke 20w Zomv| |0 ke (56 4émv & 7mv
/ﬁéc /15 & L3mv  [Smv| [+t 26 ClOmv A Tmv
20ke 2/ ke L¥me 1Swmv) 20kc  Foke  L0my  F G,
30kc I ke LSmr 1T wv | BO ke SOtk S5S5mv b.Tmv
f0k  4lkc  13my 13w | FO ke 50L. ETmv €
S0k  Slke  1tmv 430w | 50 ke bote S3mv G
Jokc Tk Lfmy o my 70 be Lok LOmy i my
[0k jotk. - oo™ | 100 ke /10 [y  §2my
[P0k [pke 0.6Smv| 90k 150k T[omy §8 my
200kc 20/ = o.9omv| 200k, Ri0ke BOmy [56my
300k Folk. - g.60W | 300k Jroke 3.0mV 125,
I both cases o=, omplhde | Fo0k 10t ~  [$.0my
. C . 2 S/0ke — 45
and  ft7, = L0, mf%z Z : e ;“ ;::V/




TABLE I1-2,9-10

TOTAL HARMONIC D/SToRTION y
AMPEX FR 1400 ;
g‘n/"ﬂ //a ~monic Level *E
ﬁ-ef o2 3~ g TH.D. |
[0k — B.Omv —_ X /A
4.0k [ v 7.6mr _ 0.77% '
ok — I5mv  —  o75% o
20k LOmv  [0.0mv  — lo%
goke  LSmv  12.5mv  — (3%
/700é. Stmv B Ewmy —— a.9 7% ?
2004c <. v D Smv 2.0mv V- A Q
fooke  3.0mv  ZOmy « — O.43 z
*
scilator Ta | Wave
| ;"w &Wm Analyzor !
P £R too 4o 3/0A i
vTvmM
/,/lm/

. i




TABLE II-2. 9-11

TOTAL HARMONIC DISTORTION
MINCOM G 1O 7

-63.

;‘;';‘; Y Harmonic Leve/
| nd 3 4t 7.H.O.
So0ps — T Oy — 7%
/ée 6&0mv  7.0mr — o97%
Léc Somv 7Om — 0.97%
/Okc 6.omy | 7.5mv — /0%
f‘“‘ | 7.5my 1 /O.mv T 127
/00 ' 4omv /8 mv 87 |
250k B0ms  Somw — 097

P ncamatil deve/= 1.0 Y, xfy«// owppuil




TABLE II-2.9-12

CROSSTALK - AMPEX £€ /400
Kecorder Speed: 6005

- Becord Kecord Kecord Kecord M

frrequency o .n  Chan, Chan, Chian. Chan,
Kocord Chen. 8 | y

ps A 7 8 9 s
my  m (4 mv mv
rms  srmg Fres Mesg rms

400 28, go. 10 9 g5

Goo /0, 23 ! 25 /5,
700 Qo0 25 28, /€.
/& 6.9 bo Zo  /o.
41’: 4.0 lS 2.9 8o
/0éke 40 040 | 30 8o
Lo & 3¢ 03 22 75
/00 k¢ Jo0 025 29 6.9
%o VP S50 o5 4 ’.6 72 |
éook. 4.0 20 [O fo /0.
Lecord
—  Chammes/E e
Oscillator| Hnoar H Brcorder ~N o
poos [ ] o
3/0A
S Llke
L ‘;’x’ Basdwidts o314+ 200




TABLE II-2,9-13

CROSSTRALK~ MINCOM & /07
)?ecora'cr_ Speeds b60vps

Beord Chame/2 Gecopel Mocord Hecord fercord
F;¢7aﬂu/ Chame/ Channe! Chaane (hgynel

M / zZ 3 4
s  Vems Pl s
/e g.0 /.0 0 13
2 7.0 55 /5.
Ste 4.0 2.5 /4
/0 ke 2.2 oo .
20k 2.5 080 o
S0k 3.5 20 gs
/00 k¢ S.0 | .5 7.5
/50kc 9.0 30 7.0
- 200 £c /8. /3, 5.0

150ke  qo. ¥ 45 %o
Jookc 0. [0 &0 /S
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- TABLE 11-2,9-14

FREQUENCY PESPONSE TEST

- AMPEX. MODIFIED FR (400

'};ﬂeyug¢mnu/ iﬁ;%i«éhz|AZ4‘&uu¢v4i~
ke o
-Zzsifcyvs -3.0
330 508 | | -/.0
7490 cps o.0 o
loke 0.0 (Bef B at)
bo.ok. 0.5 |
/00.0kc - +0.8
/45 Ok */.0
£00.0kc +.5
280.0kc +2.5
4¢1f¢ZCch 42,5
00.04c 0.0
©50.0&c -3.0
J70.0k: "52"

Chamne | Kecord /,(?qwa{zze y; @W Poyes ‘
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SECTION 3
SYSTEM EVALUATION DATA
The detailed procedure for the system test performed on each of the basebar
as well as the measured data are contained in the following sections. For re

erence, the block diagrams for each experimental telemeter are shown in Fi
ures I1-3,0-1, II-3.0-2, and lI-3.0-3.
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FIGURE 1I1-3, 0-2
BLOCK DIAGRAM OF AIRBORNE LABORATORY TELEMETER
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3.1 PRE-EMPHASIS SCHEDULE PROCEDURE AND RAW DATA

3.1.1 General

A pre-emphasis schedule for a particular system is considered optimized when
identical signal-to-noise ratios occur ir. each subcarrier discriminator outpu*.
Since the receiver output noise characteristics are dependent upon the receiver
input carrier-to-noise ratio, a pre-emphasis schedule can only be optimized at
one particular receiver carrier-to-noise ratio. Thus, a choice must be made
as to carrier-to-noise ratio to be used. For the particular system being eval-
uated a carrier-to-noise ratio of 9 db, approximately the condition necessary
to cause the receiver to threshold, was chosen for optimizing the pre-emphasis
schedule. '

Normally the subcarrier discriminator output signal-to-noise ratio is measured;
however, the subcarrier-to-noise ratio in the band-pass input filter is directly
related to the output signal-te-noise ratio, Therefore, for convenience, the pre-
emphasis is optimized to prcduce identical subcarrier-to-noise ratios at the out-
put of the band-pass input filter.

In essence, the procedure is to set a receiver IF carrier-to-noise ratio of 9 db
and adjust the individual VCO amplitude levels for equal subcarrier-to-noise ra-
tios in the discriminator while maintaining a multiplex level which does not cause
the transmitter output to exceed the radiated spectrum specification. There are
several problems inherent to this technique.

The first problem is that of previding a receiver IF carrier-to-nois e ratio of

9 db. With the receiver used in the system evaluation, the IF carrier-to-noise
ratio is measured at the predetection recording outpat, which is the IF output
just prior to the first-limiter input. If the IF amplifier is a linear system, its
input and output carrier-to-noise ratios are identical; however, care must be.
taken to prevent IF saturation. Through experiment it was found that the maxi-
mum unmodulated IF output level which does not cause saturation is 110 mv rms,
In addition, the IF saturation characteristic was found to vary somewhat with the
AGC voltage. The greatest linear range occurred when the AGC voltage was ex-
ternally held constant at a -4 volt level. Thus, with the AGC held at -4 volts,
the unmodulated IF signal level is measured with a frequency selective voltmeter;
this techrique eliminates wideband noise and provides an accurate signal level
measurement. The input carrier is then turned off and the IF noise measured
with a true rms meter,

The second problem is that of adjusting the VCO levels to produce equal subcar-
rier-to-noise ratios while maintaining a fixed multiplex level so that radiated
spectrum specification is not exceeded. This is a trial-and-error method con-
sisting of choosing a trial pre-emphasis schedule, checking to determine if the
radiated spectrum is exceeded, and then readjusting the pre-emphasis. There
are several shert-cuts to this procedure which are given in the following detailed
procedure.
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3.1.2 Detailed Procedure

a. Choose a trial taper and, using the radiated-spectrum test described
in the next eection, determine the maximum total rms transmitter deviation al-

1- wable.

b. Select the deviation for the highest frequency channel from the graph
in Figure 1-3.1-1, '

c. Starting with the highest frequency channel, set the VCO output levels
to the selected taper. A minimum deviation of 3 kc should not be exceeded; there-
fore, the lower channels may need to be adjusted to equal amplitudes.

d. Adjust the gain of the mixer amplifier to provide a full multiplex rms
level to produce the selected rms transmitter deviation.

e. With the transmitter unmodulated, externally set the AGC voltage to
~4v dc and adjust the rf signal level for an IF carrier-to-noise ratio of 9 db.

: f. Set the video gain of the receiver to produce 2.0 volts rms full multi-
plex output. ‘

g. With the VCOs at center frequency (unmodulated), measure the sub-
carrier signal-to-noise ratio at the output of the band-pass input filter by mea-
suring the subcarrier signal level and then turning the particular VCO off and
measuring the noise. Repeat for each channel. ‘

h. Readjust the VCO levels to produce equal subcarrier signal-to-noise
ratios while maintaining the multiplex level previously selected.

i. Recheck the radiated-spectrum level and readjust the total multiplex ;
level if necessary. It has been found that once the taper has been adjusted for 5
equal subcarrier-to-noise ratios, small variations in the total multiplex level
do not alter the relative relationships of the individual subcarrier-to-noise ra-
tios,

3.1.3 FM/FM Proportional Multiplex RMS Carrier Frequency Deviation ’ T

Refer to the graph in Figure iI-3.1-1,

Problem:

The problem is to find relationship between RMS carrier devia-
tion (total) and deviation allocated to top subcarrier, in terms of
common ratio between adjacent subcarrier ceunter frequencies,
and in terms of constant pre-emphasis slope,
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Definitions and Conditions:

1. Y(>1.0)is common ratio between adjacent subcarrier center
frequencies (Y = 1.3 for IRIG).

2. f4), is the peak carrier deviation allocated to the highest-fre-
quency subcarrier.

3. fgk is the center frequency of subcarrier channel k, where
k=1,2...h.

4. fdk is the peak carrier deviation allocated to channel k.

5. a is the slope of the log-deviation versus log-frequency pre-
emphasis function. It is taken as a constant.

6. A large number of subcarriers is assumed.

The peak carrier deviation allocated to subcarrier k is

_ a
fax = Cigk

where C is a constant. For the highest subcarrier, k = h, hence

_ a
fdh = Cfsh
f
C - dh

fa
sh

from (1) and (2):

a
fox

fax = fan (_f )
sh

Because of the common ratio between adjacent subcarrier frequencies:

o

¢ fsh
sk =
h-k
v (h-k)

fek 1
fsh y (h-k)
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The mean~square carrier deviation due to channel k is:

1 .2
- f
2 dk

the total mean-square carrier deviation is

2
Fy

2

Fa

[ o]

N

"

from (3) and (4) then:

:.l..f

1 2
Zfdh l+(

For very large values of h, this is approximately

1

2

[\

fak * fan
b4

[y¥]

—

() (s




LD

=

The total rms carrier deviation is

1 ‘ 2a z |
Fd - fdh ‘?Z Y 2a _ ) (9)
3.1.4 Results

3.1.4.1 IRIG Baseband

For the IRIG baseband, channels | through 18, pre-emphasis was optimized us-"'
ing a muitiplex level at the transmitter input of 1.0v rms. The measured data
is included in Table 1I-3,1-2 and presented graphically in Figure I-3.2-1.

3.1.4.2 IRIG Baseband--Wideband Channel

The IRIG baseband, channels 1 through 16 and E, was optimized using a multi-
plex level at the transmitter input of 1.0v rms. The measured data is included
in Table 11-3.1-3 and presented graphically in Figure I-3,2-3.

3.1.4.3 Trial Expanded PrOportional-Bandwidth Baseband

The pre-emphasis schedule for the expanded baseband, channels 1 through 20,
was optirmized using a multiplex level at the transmitter input of }.0v rms. The
measured data is included in Table lI-3. 1-4 and presented graphically in Figure
1-3,2-4,

3.1,4.4 Expanded Proportional-Bandwidth Baseband
The pre-emphasis schedule for the expanded baseband, channels 1 through 21,
was optimizeéd using a multiplex level at the transmitter input of 750 mv rms.

The measured data is included in Table 1I-3.1-5 and presented graphically in
Flgure 1-.3,2-5,

3.1.4.5 Expanded Propertional-Bandwidth Baseband--Wideband Channel

' The expanded baseband, channels 1 through 19 and H, pre-emphasis schedule

was optimized using a multiplex level at the transmitter input of 630 mv rms.
The measured data is included in Table II-3.1-6 and precented graphically in
Figure I-3.2-6.
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3.1. 4.6 Constant-Bandwidth Baseband

The pre-emphasis schedule for the constant-bandwidth baseband, channels 1
through 21, was optimized using a multiplex level at the transmitter input of
360 mv rms, The measured data is included in Table II-3,1-7 and prescnted
graphically in Figure 1-3.2-8, With channels 17 through 21, Group D, removed
and the same taper, the multiplex level at the transmitter was increased to 615

mv rms, The data measured for one channel in each group is included in Table

1I-3.1-8,

3.1.4,7 Combinational-Bandwidth Baseband

The pre-emphasis schedule for the combinational-bandwidth baseband, IRIG
channels 1 through 11 and constant-bandwidth channels | through 21, was opti-
mized using a total multiplex level at the transmitter input of 635 mv rms; 600
mv rms for the constant-bandwidth channels and 210 mv rms for the IRIG chan-
nels. The measured data is included in Table 1I-3.1-9 and is plotted in Figure

I‘-3. 2'9.' ‘
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TABLE II-3,1-2

PREEMPHASIS DATA FOR IRIG BASEBAND,
CHANNELS 1 THROUGH 18

System Descripﬁion: IlIc (Zd»ﬁr/f / /7/uu}4 /3

(SINV_:_ @4 AGC: -4 D))dc Multiplex:_/, 0\ Jums

Channei vCO
Frequency Signal Noise (S/N), Level
(ke ' (dbm) (dom) (dbm) (dbm)
0.40£7.5% | - R4°¢ 1-538 1234 1-2570 |
0.5627.5% | -2« 7 | -49 2 2457 1-28°0 |
0.7327.5% | -24, 8 |-#53 |20.4 |-247.0
0.9637.5% | -24. 3 |-479 | 229 -5, 0
1.3087. 5%} - 2o/ p | -H7, 23 L 1-25.0
1.70£7.5% | - 27.2 | -#4#6. & 234 [-2F 5"
2.3027.5% |- 2/ ¢ - 457 232 Ao S
3.0067.5% |- 2 /.3 |-4#2.7 | 2.4 |-2/.3" |
3.90£7.5% | - 20. 5~ |-“434 | 22.¢ -t . 5”
5.40¢7.5% | - /9 0 |- 44/.8 236 |-18.5"
7.35¢7.5% |- /.7 |-390 | 223 1-14.&
10.5 +7.5% | - 1 4.3 -33. 6 | 243 -/4.5"
14.5 27.5% 1= /3 0 | -370 |240 |-/2.7
22.0 27.5% | - 9 & -35.0 242 1-/0.0
30.0 +7.5% | - 8 ¢ -3¢0 |20 -78
40.0 £7.5% | - 47 @ - 222 1233 1-48 |
52.5 £7.5% | - 44, b -26.4 | 218 -40
70.0 =7.5% | - 2.8 -2%p | 212 -o/
93.0 7. 5%
124.0 #7.5%
165.0 +7.5%
70.0 +15%
165. 0 £159,




System Description: Y IIA /Ad#/(/r / /7/4‘74'// ord £

. TABLE II1-3,1-3
PREEMFHASIS DATA FOR IRIG BASEBAND,
CHANNELS 1 THROUGH 16 AND E
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(S/NY: 2 dé AGC: - Y Dude Multiplex:_ /. O}y mg
n | | vCco
Ff:;u::clyv Signal Noise (S/N)s Level
(kc) (dbm) (dbm) (dbm) (dbm)
0.40£7.5%|-27.9 - 520 | 242 |-270
0.56:7.5% |- 274 |-485~ | 2/ 274
0.7327.5% | -2¢. 8 -6 b 19.8 26 7
0.9627.5% | -2L.4 | -4(. 8 20.4 -26.9
1.30£7.5% 1 -26.2 |-46.4% | 202 1-2¢.7
1. 70%7. 5% |- 237 6 45 b | 200 -25°8
2.30£7.5% | - 24,/ |- 44,0 199 {-24.7
3.00£7.5% (- 23 8 1-43 4 126 |-238
3.9047.5% [-22.8 |-42.2 194 1-22.7
5.40£7.5% 1-20.b |- 40.7 201 1-20.6
7.3527.5% |- 19. 2 -397 205 |-18.¢ |
10.5 27.5% |- /7.0 -332 2/ -17.0
14.5 27.5% |-/57 4 |- 30.0 20.6  |-/57]
22.0 27.5% | = /2.0 -33.8 2.8 -(2.2
30.0 #7.5% |- 9. 3 -30.0 20.7 - 2.2
40.0 27.5% | - 7.4/ -290 2.6 - 74
52.5 £7. 5% ]
70.0 =7. 5%
93.0 =7.5%
124.0 %7, 5%
165.0 +7, 5%
70.0 +15% | 0.0 -2/ 6 20 b +0.%
165.0 +£15%
Name: £ &5 ( Date: /-/2- 44~




' TABLE 1I-3,1-4
FREEMPHASIS DATA FOR EXFANDED PROPORTIONAL
BANDWIDTH BASEBAND, CHANNELS 1 THROUGH 20

System Description: 9.2, //4¢£:& / 4~é¢¢ai/ 20

(S/N)c: gd AGC: —i.audc Multiplex: LQ!!: ng

inn vCco
Ffehquer:y Signal Noise (S/N)g Level
(kc) (dbm) (dbin) (dbm) (dbm)
0.40¢7.5% | -2 78 1-500 1223 1-28.0
0.56+7.5% |- Q7.5 |=-47.0 [ 9.4 -28.3
0.7327.5%|-28.3  |-43°p | 1L6.7 -29.0
0.9627.5%]-27.2  |-44.4~ 1173 1-28¢
1.3027.5%(-26.7 |-4#3.4 | /(.8 -28.0
1. 7027.5% |- 27 & -43.0 LATd -250 |
2.30:7.5% |-26.3 -4/ D [%.7 -279
3.00£7.5% |- 2470 |-4047 | /374" |-35°F |
3.9027.5% |-/ 7 |-39 2 /445" |-385.
5.40¢7.5% |- 23 2 |-38.0 /53-8 - 242
7.35:7.5% |~/ | |-36.8 |/4°7 |-21.9
10.5 27.5% |- /9 4L |-347/ /3°57 |-20.85
14.5 £7.5% |- /8. 8  |-33.2 44 |-19.3
22.0 27. 5% |- /4.8  1-30.0 15 R -(5°7
30.0 #7.5% |~ /3.0 |-27.2 |42 1-/3.b
40.0 27.5% -/ /. @ |-26.9 /49 124
52.5 27.5% | -/0.0 -24.7 147 |~100
70.0 =7.5% |- 7. b -22.5 | 149 -745
93.0 27.5% |- &Y |-R20.5" |/57) 47
124.0 27.5% |- 2. % )77 /523 =06 |
165.0 %7, 5%
70.0 %15%
165.0 *15%

Name: 4Z 8;:1‘2 Date: Z’ZZ‘é o 1l
_11n '
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TABLE II-3,1-5
PRE.L.MPHASIS DATA FOR EXPANDED PROPORTIONAL
BANDWIDTH BASEBAND, CHANNELS 1 THROUGH 21 _

System Doqcrip?ion PBw (Ac)l/}(//f Z /Z/augé 2/
(SINV.:_F db ACC <4/ 0ude  Multiplex: 750y ps

ne vCo
Ff:::engy ,.Dnal | ~ Noise (S/Nyg | Level I
{kc) (dbm) - | (dbm) (dbm) (dbm)
0.40£7.5%|-24 7 |-4PN A" | 248 |-28%
0.5627.5% |-247) |-48 4" | I3 4 |-28.8
0.7327.5% |- 24 7 |-446. 0 | 2].3 -28. 5
0.967.5% |- 24 7 |- 4574~ | 20.8 -2%.8
1.30£7.5% |-24. 3  |-4570 | 20.7 |-23. 5
1. 7047, 5% |- 24, § -4 1196 -8R
2.3067.5% |- 24,3 |-430 |1§8.7 -280
3.00+7.5% - 247/  |-42.2 |47/ |-288
3.9027.5% - 2472 |-4/ | jb.R [-288
5.4087.5% |-2474 |-393 | 44 |-272

~

. 3527. 5% |- 24 48" 1-385 3.0 '329./

10.5 £7.5% |-2 4. ¢ -370 1.1 -28.7
14.5 27.5% |- 24,57 | -3 { 10/ -5 2
22.0 +7.5% |- 2/.4/ [-32.0 106 |-25.0
30.0 £7.5% |- /9,2  |-2G & (0.4 1-22.8
40.0 £7.5% |- /6.6 - |-24.0 (0.0 1-20.3
52.5 +7.5% |- /4 4 |-24.4 | 0.0 1-177
70.0 =7.5% |- /). & |-2]. 1 7 1-]47
93.0 27.5% |- 8.5~ |-/8.4 99 |-21.2
124.0 #7.5% |- 47/  |-/47p 29 |-6.8
165.0 +7.5% | = 2. () -J/8 1 2% -l
70.0 %15%

165, 0 £157

Name: M‘aé !2{5 a Date: /‘J"é\‘)’
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TABLE I1-3, 1-6
PREEMPHASIS DATA £CR EXPANDED PRCPORTIONAL
BANDWIDTH BASEBAND, CHANNELS 1 THROUGH 19 AND H

System Description: £A¢\ Chompe/c ‘//Z)vuq/ /9 %'u//

(S/N) Qdé AGC: —2 &2!!&( Multiplex: ‘2 é!d v s

. vco
Ff::\?:n:y Signal Noiee (S'Ims , Level
(kc) (dbmj (dbm) (dbm) (dbm! -

0.40£7.5% |- 2.5 -2 25°5°1-306

0.56%7.5% | -2470 -49.0 230  -29.5

0.7327.5% |- 2576 |-470 2.4 |-30.4

0.9627.5% |-24.8 |-4373 | 20.7 |-30.0 |

1.3027. 5% |- 24,4 |- #5757 [ 2l -29.8 ‘

1. 7027. 5% |- 247 b ~ H42 18, yd -30.6 | §

2.30%7. 5% |- 24, 9 -435” [2.3 -29.5" 4

3.00:7.5% |-24.0 |-42.0 [6.0 |-30¢ :

3. 9027, 5% |- 247 2 -</2.0 /6.8 -29.8

5.40£7.5% |- A4 |-op s | 187/ -30.3

7.35%7.5% |- 2472 -3%. ¢4 14 Y -30.0 P
10.5 £7.5% (- 2470 - 375" 1123 -30.9 *
14.5 27.5% |- 2470  |-Z5 & (0.4 1-29.7 | !t
22.0 27.5% |-24.7 |-32.8~ | 78 1.29¢6 ;
30.0 £7. 5% |-,2.2. 02 -30.0 7.8 -27 6 ;
40.0 +7.5% |-/9. & -20.3 7.2 -24.7 !
52.5 27.5% |- /4.4~ |-23.8 | 7.3 -2// ‘z
70.0 =7.5% |-/3.0 -20.5" | 748 @ |-/76 i
93.0 27.5% |-/0.) -/7.5" A4 - 14
124.0 %7, 5% ,
165.0 x7.5% ;
70. 0 £15%
165.0 *15% |- 9 2 -76 7.4 -2.4

Name:&/' 3’}4;’ Tate: z-gzoé,é' _ | ; -
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PREEMPHASIS DATA FOR 21-

TABLE 1I-3,1-7 |
CHANNEL CONSTANT BANDWIDTH BASEBAND

System Description: CZMJ/J)::‘L &”o/wJ/g /%//r//,(

(SIN,:__PoAb  AGC: =%o vpc Multiplex:_Fo mrrms

vCco
FE};;:::::y Signal Noise (S/N), Lavel

(kc) (dbrn) (dbm) (db) (dbm)
176.0 -/% 0 -23 4 5.4 — /%0
168. 0 -) 72 -22.§ EXA —/5 4
160.0 |-/ 5 | -22.0 54 /5.7
152. C -/20 |-22.¢ 5k —4.>5 |
144. 0 -/5.5 ~-21.5 I b PP
136.0 | -,28 -230 52 -4/
128. 0 4.8 -22.2 Sy -/ 0
120,0 | =24,/ -2/ S b -/Zs
112. 0 =/22 -22. 4 ELd -203
104. 0 -/..3 -22.0 52 —-2/.3
96. 0 ~-/6.0 -2/.9 T -22./
88. 0 ~/¢. 0 -2/ 5 S s -22.9
80, 0 =/ 0 -2/ X 235 |
72. 0 -5 -2/ 4 5.7 —24 3
64. 0 )58 1 -2/2 5.9 =25/

56. 0 -)7 2 -21.) 5L -2¢. b
48.0° -,27 | -233 5 b -27 6
40. 0 425 | —233 st —29.L

32, 0 /87 | —235 | ¥ -3c.5
24.0 =227 -2¥L .7 ~30. ¢
16. 0 -/8.3 | -25¢ 2.3 -3/ & |

7. 35 _

5.4 N\ d

3.9 N J

3.0 N\ P

2.3 ~N. |

1.7 K

1.3 / \

0. 96 pa N\

0. 73 pd N\

0. 56 pd N\

0.40 |~ N\

-113- Name: WJé Date; F-72-¢5




TABLE II 3.1-8
3SREEMPHAGSGIS DATA FOR 16-CHAT'NEL CONSTANT BANDWIDTH BASEBAND

System Description: M / M/é W&M
(SINV:_ Db AGC:=YgVdc Multiplex:_G/Smvrms ; Ret: 200 mvems

Channel VCG
Frequency Signal Noise (S/N), Level
(kc) (dbm) | (dbm) (db) (dbm)

1 ~ /
168.0 | ~~_

160. 0
152.0° o~ -

#{ 136.0 -2.2 -32.5 | 1.2
128.
120.
112.
104.
96.
#| ss.
80.
72.

-/7.7 -30.0 /2 3

Clojlojojojojojo loljo

-/£0 -30.0 /2.0

Lo I VY]

o

¢« s Je¢ Je
W IO JO O o D

e
&

W iWw lnn
O O |

. N~ /'/

2.3 ™~

1.3 // \\

0. 96 / \
/
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TABLE 1I-3, 1«9
PREEMPHASIS DATA FOR COMBINATIONAL BANDWIDTH BASEBAND

System Dencription:ézéﬂ/,/'oﬁa/ ,,5»;,_4/«/,42// %Z///ﬂ//(

(S/N)C: Z{} AGC: ~4/0 vlc Multiplex: £ éﬁ‘/»b’/hJ
T

Channel vCoO
Frequency| Signal Noise (S/10, Level
(ke) (dbm) (dbm) (db) (dbm)
176. 0 -co.4 | =29 5.7 /.5
168. 0 - /52 -2 3 3/ —/40
160. 0 -0 b | —225 7.9 ~// 4
1:2.6 — 50 | -28 ¢ ¢ 0 =//.9
144. 0 —/8.8 | -277 20 -r2.%
136, 0 - /9 7 -2§.5 2.8 -5
128. 0 -7 -275 2. - /45
120.0 i’ 7 -270 9 o /4 d
112, 0 — /5.0 | =279 2.9 —/5 {
104. 0 —f. 4 -223 F.9 —/,5
96. 0 ~/7.9 | ~2¢.L 27 A
88.0 227 -2¢.L 2.7 -/f. 2
80. 0 -s728 | -24.4 L& -,y
72. 0 -26 | -3¢ Y 2.8 —GL
64. 0 -5 | -2¢.8 2.0 -20,5
56. 0 -£9 |-272¢ | §¢ -22,0
48. 0 -532 | =27} £.5 -23 0
40.0 =51 | ~274¢4 7.¢ ~24 0
32, 0 -5 4 | —272F L2 ~258
24, 0 —/90 -275 19 —24,0
16, 0 2.5 | -28) Ll —22.0
7. 35 —3 —3v/c | 249 -/. b
5.4 -0 | ~3. 0 250 - 105
3.9 /3L | -3¢.5 | 233 —20,%
3.0 32 | -322 | 235 |-2,5
2.3 /4.2 | -3P.¢ 2% 2 ~ 72,5
1.7 ~/%.5 | —39§ 24 3 -3 5
1.3 4.2 | -3Bo 22.) | -250
0. 96 -4.3 - 4/0 24 7 -5
0.73 —26.3 —20.0 | 231 - 25,0
0. 56 - /)5 -s¢30 | 2454 - 25,0
0. 40 —)f.5 | -%¢.0 275 — 2.0
-115-
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3.2 RADIATED SPECTRUM TEST

3,2.1 Genéral

The object of the radiated spectrum test is to determine the maximum trans-
mitter drive that will not exceed the transmitter radiated spectrum specifica-

tion:

The power spectral density, as measured in a 1000-cps band-
width, outside a bandwidth of #320 kc shall not exceed =50.5 db
referenced to the unmodulated carrier. Carrier components
outside a £500 kc bandwidth shall not exceed =25 dbin.

or test purposes, an allowance of 26 kc is made on each side of the spectrum
{or transinitter drift. Also, the £500-kc-bandwidth specification was checked
a. 75 db below the unmodulated carrier which is the =25 dbm level for a 100-

vratt transtnitter,

Tiie general technique used in measuring the transmitter radiated pcwer spec-
tral censity is to translate the transmitter output spectrum down to a frequency
range around | Mc and then use a frequency selective voltmeter with a 1 kc band-
wiilt1 to measure the power spectral density. This translation technique pro-

d:+ a quantitative measure on an rms voltmeter ot the power spectral density.
A ercging by eye as required by spectrum analyzers is eliminated. The fre-
quer cy selective voltmeter used in this test has a frequency range from 1.0 kc
to 1.5 Mc. In order to measure the complete transmitter spectrum within this
range, it is necessary to first place the local oscillator frequency 1 Mc below
the carrier frequency. Measurements are then made from 1.2 Mc down to sev-
eral hundred kilocycles. The local oscillator is next placed 1 Mc higher in {re-
quency than the carrier., Having the local oscillator above the carrier inverts
the output spectrum of the transmitter in the translation process. Thus, the
other side of the spectrum can now be measured with the frequency selective
voltmeter This method gives an accurate, convenient, and quantitative mea-
surement of the total transmitter power spectral density.

3.2.2 Detailed Procedure
a. The block diagram for this test is shown in Figure II-3,2-1,

b. Choose an attenuator for the local oscillator so that the local oscil-
lator provides at least ten times as much current to the crystal diode as does
the transmitter output.

c¢. Tune the local oscillator | Mc kelow the frequency of the transmitter.




d. Wit the transmitter unmodulaced, tune the frequency selc:ted volt-
meter to the v, nodulated carrier. This should be approxumately 1 Mc. DNote
the level of the inmodulated carrier. '

e. Modulate the transmitter with the full multiplex. Th VCOs should
be unmodu:ated and at center frequericy,

f. With the frequency selective voltmeter set to the 1000-cycle band-
width position, measure the radiated power spectral density by sweeping the
frequency selectiv. voltmeter from 1.2 Mc to 100 ke and noting the meter read-
ings.

_ g. Tune the iocal oscillator to 1 Mc atove the frequency of the carrier
and repeat the previous readings.

h. The trans-titter radiated power spectral density curve %ould be
down 50.5 db from th- peak of the modulated power spectral density curve.

i. If the radiated spectrum specification is exceeded, reduce the gain

of the mixer amplifier ! repcat the test.

3,2.3 Results

The radiated spectrum data given in Tables LI-3,2-2 through II-3.7 ¢ Speci-
fic data may be found with t'  :wid of the following chart: ’

Multiplex Description +'va Shown in Table Data Plotted in Figure

IRIG Channels 1 1I-3,2-2 | I-3.3-3
through 18 ‘

IRIG Channels 1 +.=3.2-3 I-3.3-4
through 16 and E

Expanded Channels t1-3.2-4 I-3.3-5
1 through 21 '

Expanded Channels II-3..-5 : I-3.3-6
1 through 19 and H

Constant-Bandwidth II-3.2-0 I-3.3-7
Channels 1 through 21 '

Constant-Bandwidth I-3,2-7 I-3.3-8
Channe!s 1 through 16

Combination Bandwidth 1I1-3.2-8 I-3.3-9
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TABLE II-3.2-2
RADIATED SPECTRUM DATA:
IRIG CHANNELS | THROUGH 18

Baseband Sfructure' l g l § C h@nngls l ﬂrp\‘#i j!

Multiplex Level: Z,Q Yyms Unmodulated XMTR: 2479 7 mc
“‘ A~ dbm
Local Oscillator_Q 4°3.7 mc Local Oscillator @ (9,7 mc
Measured Normalized Level in Measured | Normalized .| Level in
Frequency | Frequency |1.0 kc BW | Frequency| Frequency |l.0 kc BW
(kc) (ke) {dbm) (ke) (kc) (dbm)
/000 _a -I55- | 7000 0 -355
240 =90 [ -Fpb.3" ! P40 | 30 - 3.2
?00 -100 -324:__%29 2700 -392.0
| é; ~1870 - 435" 50 #1370 -44.0
00 -200 -49.5” 00 +Q00 ~40.58" |
71570 -840 | -56.0 | 750 ¢ 24870 -N¢.0
200 - 300 ~(o¥5” 700 +300 ~630
L_(a90 =350 -74.0 L0 | #3550 -78.0
S50 e £ X% 940 L340 | +45D <100 |
A 00 =500 -/00.0 $00 $ 4700 ~/0a: 0
4/ AD ‘::_3‘0 -101.0 | 4470 +5 570 2020 |
¥00 €00  |-102.0 Y05 | 400 [-/oap |
JAD - (p.‘:’O |-101.0 350 a’%Y -/0d. 0
300 -700 |- 1010 X000 + 700 NI

Namae: &);_B Date: //- 2.! ’{zi

17
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| TABLE II-3,2-3
RADIATED SPECTRUM DATA:
IRIG CHANNELS | THROUGH 16 AND E

Baseband Structure: ) R G Che ﬂﬂl!i / Hm.gl /b ﬂlll £
Multiplex Level: z Q Uwms Unmodulated XMTR:_ 249 7

_Ll_.i_.dbm
Local Oscillator 2 A z mc Local Oscuhtor A%0.7 mc .
Measured | Normalized | Level in | Measured | Normalized Level in
Frequency | Frequency |l.0 ke BW | Frequency| Frequency {l1.0 kc BW
(kc) (kc) (dbm) (kc) (kc) (dbm)
120940 D -420 /000 0 1-92.0
XY YY) =430 A0 | =50 =430
UQ% - 435" 260 | /00 =437.5"
o o - N0 1 #2500 -
K00 | -390  [-37.s" 2200 Zﬂt —
7370 =2.570 —LAT4 | 2270 | 42480 G753 |
700 | ~300 |-7%.0 700 | +300 7820 |
| (A0 =320 -350 (30 | +350 @ I-89.8” |
L00 -4/00 =960 | (00 | +490  [-/0).0




anuband Structurs:

TABLE 1i-3,2-4
RADIATED SPECTRUM DATA:
EXPANDED CHANNELS | THROUGH 21

Multiplex Level . Unmodulated XMTR:_g 4°9, 7 mc
=ld:ad dbm
Local Oscillator 3 & 8. :2 mc Local OecillatorQ 48,7 mc
Measured | Normalized Level in | Measured | Normalized Levsl in
Frequency { Frequency |!'.0 kc BW |Frequency| Frequency |1.0 kc BW
' (kc) (ke) {dbm) (xc) (ke) - (dbm)
00 — 0 -30.0 | ¢oe00 0 -30.0
73" -5 =450 | Jpas 25 2]
-;,7'0 -‘f/'.i’ /050 | 480 ~47.5"
~ - = & 2 lo7&” + - -49.8"
07 =53 -%b 13 S ST
0 =/ 00 ~50.0 | [/00 /00 ey’ |
~ ~/24 %70 /25~ 4 /28~ -¥7.0 |
-Sx2) =4S __—.5&;‘ 11570 +/5D ARS8
__9.35° ~/65” - é_l.'i__léﬁf__ﬂb.ﬁ" 0 |
824" L 73” 800 | [/787 74~ | ~50.0 |
.._%Q_Q.,___'.ZQQ____:QQ_Q' /200 tR00 |- 1
l% "dadd” | -f2d” | da” | 42237 | -634" |
250 1 =250 [ -63.57] 20 t250 | 645" |
- ~4%72.0 /2725~ +275 /YA
,;[% -g‘?f =) | /5% +289 | (3,57
- -%g, /300 2300 -ZE.;;‘
= 324~ = =] b2 24° - -
1% - -QQ.%" 1330 2.3.30 - |
QZ.Q_ -3‘76 -7 0 | /33D +3472 - a.a_:__,
b- -~ - . 4~ - -~ . }
A LIERT BRI
- - * - - o -
SO0 | 400 = %.: 2500 +4720 ~ s
LAY, -S540 | -279 yXY¥) 244D ~
Yp0 -LAf) -/éﬁﬁl_ | /boQ te00 i -/0¢0

a3 B, Do 1-2e o
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TABLE

11-3.2-5

RADIATED SPECTRUM DATA:
EXPANDED CHANNELS | THROUGH 19 AND H

Baseband Structure:

Multiplex Level: f‘ :3 Q 7. T Unmodulated XMTR: 249 7 mc
-all dbm
Local Oscillator 2{.0.2 mc Local Oscillator :kﬂ. Z_mc
Measured | Normalized | Level in | Measured | Normalized Level in
Frequency | Frequency l.0 kc BW |Frequency| Frequency |l.0 kc BW
(kc) (kc) (dbm) (kc) (kc) (dbm)
2000 0 ~206.a" | 7000 o
1023 =2” | =445 | 974 | 2 AT
1050 50 | -43.4" ? *X
Iﬁg" - 74" ~49 2 - + 75
l 1 -97 - ‘1’%{' ?07 #+ .3
112 =100 | -3°0.8° #+10
_//2a~ | -jaN -iﬁfo____x%__mr
¥ —JA0 | -Sab | 350 | +)40
116.5" ~Jld ~ Y2 0 235 | +/06A
1174 ~ 174 -48,0 guiﬁ' tal_uz.f
!240 "200 .Lni,a +
rrrs ~225° ~lob-5" 778 | +225°
1234 ~235 | -06Y0 765 | +235
1230 | 250 | -Lbd | 740 | 325
¥4 _'éﬁ___:.h}uf__lﬂ ;gg
A7 | Q73 ~Tiel T2 | 4275
1300 | =300 -s(zi,% 700 | +300
__L.LL__%__‘_.IL___ i_ﬂ:’ L0 +330
—J3s0 | -350 |- (50 | +3s50
~ _-52.8 87 (o3 | +374
{940 =40 - Lol | #4930
il X <Xl A8 | paaa=
. —as" = l-:n
19474~ | 4724 -99.0 g_’.g.a }qz;'
1400 | -200 = z&ﬁ_’ X &)
~LAZ25" -i’.za' -97.2 475 | 28T
Neme: (IS B Date: J28 41"
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TABLE II-3, ..~6
RADIATED SPECTRUM DATA:

CONSTANT BANDWIDTH MULTIPLEX
CHANNELS 1 THROUGH 21

Baseband Structure'_c hawne! |- 21 (:B &)

Multiplex Level: 260 myrms Unmodulated XMTR: 259 7 mec
T (4. & dbm

Local Oscillator 25 g 2 mc Local Oscillator 2S/7.. mc
Meaaured Normalized Level in | Measured | Normalized Level in
‘rpquency Frequency |l.0 kc BW | Frequency| Frequency |l.0 kc BW
(ke) (kc) (dbm) (ke) (kc) (dbm)
/1500 o) =5/ RS2 - 298 =650
/992 - g = @l Q IRYY - 256 ~ eSS
1YY - 10 -382 12 3¢ - 64 - 0 ,
/Y26 - 24 = 90.8 1227 - 272 w” B
Vel 24 - 3= - 929 1220 — 270 7%
IY60 ) ""/],d 1212 - ary __%
/952 — 45 iy X400 12049 - 296 - o7 5
2y 94 56 - - 99,0 19¢ = 304 - &l
y - 69 ik A1 ¥ 1o - 32 7’ A%
I{RY - 72 2 ngo - 320 430
/420 — £0 —9v2 172 = 327 AL
)Y 12 — &F e 2 Heé4Y - 336 -2/ 5
14904 — 9% - 414/ & 1156 - 399 - 727
139% - 10Y = 4 & [TRE] - 352 -78.0
(3XS - 112 ity i A” 1'40 =~ 360 AN
382 — 120 —Z7Y2 1132 — 3of -£5.0
/372 — 12y il e 2% S lay - 37 - g5
1367 = 1% vy 2 g — 32y - X7)
/1256 — 144 - O iWof = 392 ~-5e. 5
/398 - v2 -v3F 100 — w0 -S.5"
/3¢ — 160 —93.5 1092 i — 4oF -F2S
/332 - 10F —YYO | 10ly | - 4/é -F75
/32Y - 176 - %0 1076 = Y2 et
(226 — |89 -&/.0_ 1048 AL nt-f A7)
230% — 192 =4l O (050 ik .2, t 7./
/300 - 200 -4 3.0 H 1052 = Yyf LSS
IR92 - 20§ -63.0 /0y - Ysg AN
128y — 26 -6Y.o 19345 e d | -2 o
1276 — 274 v AN /2 A - ¥22 - £99
1268 — 232 —6Y S5 & rY - Y70 —902
/260 — Q40 —&Y.O /072 - YLF -Po2
Sheet 1 0¥ 2

Name: &/sE&/r7o¢ Date: 2-/2-€$5
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L3

Multiplex Level: 360 wyrms  _ Unmodulated XMTR: _R59

TABLE L-3,2-6 (CONT'D,)
RADIATED SPECTRUM DATA:

- CONSTANT BANDWIDTH MULTIPLEX
CHANNELS 1 THROUGH 21.

Baseband Structure: h

-2l

.7 me

ol 4 dbm

Local Olcillator_:?.S‘Z-l me

Local Oscillator 26/- 2 _mce

feasured | Normalized | Level in ] Measured | Normalised Leve! in
requency | Frequency [l.0 kc BW § Frequency| Frequency (1.0 kc BW
(kc) (kc) (dbm) (ke) (ke) (dbrm)
100Y - Y9% -97 8 2 fo -624
77% - £09 - P20 ri/d —&r./
28 -$/2 -920 2% 47y
ofo | -520 =~ 2.0 232 ~¢9/
3/2 —47é
320 -0 ¢
{27 — 926
y il 4 /A ]
2% wed 1
LY-44 2.0
$/2 —ro2.0
$20 1 220
Sweet 20€ 2 Namo:d&%vx Date: 7-/2-45
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Baseband Strurture: ‘ banael l Zél ‘, a“)
Multiplex Lavei: é(,fau,,,,

. TABLE II-3, 2-7
RADIATED SPECTRUM DATA:
CONSTANT BANDWIDTH MULTIPLEX
CHANNELS 1 THROUGH 16

Unmodulated XMTR:

- u.,;__?bfn -

Local Oscillator 2 A" @ 7 mc Loéal Oscillator 2 :‘& Z_mc
Measured | Normalized | Level in | Measured | Normalized Level in
Frequency | Frequency |1.0 k¢ BW |Frequency| Frequency |1.0 kc BW

(kg) (kc) (dbm) {(ke) (ke) (dbm) :

[£oa0 0 | /x| jad3 | 2499 [-3%0 |
/003 2 | -41L0 1250 | 230 -5Z0 |
1e =30,4° 126y | 264 | -S80
1024 | 24 -32.4" 1272 .
__;'z_i.____:.lla'
yi 033 :5 - 349"
lLA -3 j’,g'
_m:ﬁ Y -33.0
{0k e | =355 |
" - -
__Ln_gx 8 . -3 ’
_Lni{; 96 - 3L.0
14 ] —3b. 0
| 1120 120 -3k,
__ll_ll_ilj’ :%8 -37.0
L3 XS |
e e
- )
| 1168 l ‘tB -48.5
._.}.L%.?[ l 7 i 4?0&
{ | 3& - fﬁg.g‘
0 .4 32 -50'0
] =570.4°
| ‘ 1.8? VALY
1224 ¥ |-430
1232 | - 43,57
13240 _1-54 5




Baseband Structure: ‘ ﬁe nne [ Z’Zé | C Eh?
Multiplex Level: é/ V. % Unmodulated XMTR: Eg"% E mc

TABLE II-3,2-7 (CONT'D, )
RADIATED SPECTRUM DATA:
CONSTANT BANDWIDTH MULTIPLEX
CHANNELS 1 THROUGH 16

- dbm
Local Oscillator QAR 7 mc Local Oscillator mec
feasured | Normalized | Level in | Measured ' Normalized Level in
requency | Frequency |[1.0 kc BW ; Frequency| Frequency |l.0 kc BW
(kc) (ke) (dtm) (kc) (kec) (dbm)
149 s 490 - 283"
X “_Q:Q'f -~ 991é-
Q‘aa é-gﬂ "'g?n
45730 2 36 -
.Lé.yy .%g‘/ - 96: 0

KE-x




TABLE 11-3.2-8 ,
RADIATED SPECTRUM DATA:
COMBINATIONAL BANDWIDTH MULTIPLEX

Baseband Structure: s:bﬂhhﬂl \"Z\ CBW 4 -1\ PRW

Multiplex Level: ‘ Ifﬂ":.ﬂ Unmodulated XMTR: %/ z mec -
<4520 dbm
Local Oscillator 24°%,2 mc I Local Oscillator 24'8 3 mc
Measured | Normalized | Level in | Measured | Normalized Level in
Frequency | Frequency |1.0 k¢ BW [ Frequency| Frequency [1.0 ke BW
(xc) (ke) (dbm) (kc) (dbm)
| /23700 3497 -245 652 |
/4322 - -33.0 - A5 X TN
WES:E. = 5 =
ﬁfé -1 ~lale:8 |
ko =670 |
a1, -4 -Gl |
I4YY | -5 - 3.0
1436 - LY -l 8.4
VLT -1 (09,8
.Lfi.?-o = ég -7 0.0
/594 - 96 =74.5
l:!‘ -IO‘I "730&.
| L322 =113 > 7405
L3 30 -120 TS
 LX72 =123 . =
/364 - 130 -
WARY] - 199 A ~3d.9°
L e R R s 1
4 =1 - 2022 - 49 ~33.45
1332 | -/e8 |-50.5 /089 | —4it___-34.0
/3Ly -176 -804 1076 - 424 - 4,9
/36 - 184 - 430 /063 - 4332 -§£‘f3" |
/308 -]9e - 540 /060 = 440 ~ L.
0 -200 - 0 /048 - 448 - gg..s'
_L'Li’ia =208 -ﬂ'ﬁb 70594 | 45t |-87.0
| /284 - ~lea,0 11/036 e %o 4 -R7. 5
~234 (-3, 4 || /078 =472 _F %3.
/2 —232 - (4,87 §)0R20 - 480 -
L2 LD - 240 -649.2 /072 |- 438 -Y0.0
Sheet /of 2

Name: &JS’QMQg Date:_Z-J2-¢$S
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COMBINATIONAL BANDWIDTH MULTIPLEX

TABLE I1-3,2-8 (CONT'D.)
RADIATED SPECTRUM DATA:

Baseband Structure: Channel [-R1 CBW ¢ (=)t PEW

Multiplex Level: &3S mrrms

Unmodulated XMTR:

<5927 mc

-/5o dbm

Loc¢ il Oscillator 235272 me

Local Oscillator 24/ 2 mc

Measured | Normalized | Level in | Measured | Normalized Level in
Frequency | Frequency |1.0 kc BW | Frequency| Frequency [1.0 kc BW
(kc) (kc) (dbm) (kc) Ikc) . (dbm)
loey . ~¥96 %0 /220 250 -7
996 ' - Soy -39 /12/2 EYZ4 -4l
2724 - $/2 ~920 /120Y 296 —SF 3"
2774 - 520 999 79 _30¢ —&F. 4

l 127 /2 27
/1 7O 320 . -
/020 ¥fo P28
/012 [rd -920
100y ¥2e -
9% Sov - R O
25/ §/2 =72
S£0 s20 B2
|
!
J .
51‘%:32‘ 2,2 Name: Z/S(2/7% Date: P-/2-65
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3.3 SYSTEM INTERMODULATION TEST

3.3.1 General

The systern intermodulation test consists of removing the modulation for -re
particular channel, called the search channel, and substituting a voltage ramp
to sweep the channel slowly from low bandedge (LBE) to high bandedge (HBE).
With the remaining channals in the multiplex modulated by sine-wave oscilla-
tors, the intermodulation on the search channel output is viewed on an oscillo-
scope and photogranhed. In the technique used, the oscilloscope horizontal
sweep waveform deviated the search channel from LBE to HBE in 40 seconds.
The block diagram for the test is shown in Figure II-3.3-1,

3.3.2 Detailed Procedure

a. With the pre-emphasis scheduie and transmitter dcviation selected
from previous tests, provide the receiver with an rf signal so that the IF S/N
ratio is greater than 20 db.

b, Calibrate all VCOs,

c. Deviate all VCOs FBW at 5 cps or 0.1 f,,, whichever is larger,
where f, is the maximum data response of che channel for the particular de-
viation ratio. ‘ ‘

d. Set the discriminator output level for 10 volts for bandedge devia-~
tion.

e. Set the oscilloscope sweep spzed to 5 sec/cm and adjust the ampli-
tude cf search channel input to deviate the channel to full bandwidth (FBW),
This should be verified by viewing the dc-coupled sweep on a vertical scale of
5v/cm.

f. The ac-coupled trace can now be used to view intermodulation noise
on the 0. lv/cm vertical scale. Using the single trace provision, photograph
the trace with 2 lens setting of £:10. '

3.3.3 Results

Typical data are shown in Figure 1I-3.3-2, In Figure II-3.3.2a, trace no. 1 is

the discriminator output dc coupled and showing the horizontal calibration. Trace
no. 2 is the amplified and ac-coupled discriminator output signal. This particu-
lar test has been arranged to demonstrate a beat note by holding the VCOs caus-~

ing the beat at center frequency. Figure II-3,3-2b is the same channel with the
same VCOs modulated. To prevent overexposure, the direct-coupled-discriminator
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- output 1s not shown on the data photographs. The photograph in Figure II-3,3-2a
was taken using an alternate-sweep mcde. In all cases, the calibration was

checked prior to taking a photograph.
3.3.3.1 IRIG Baseband
The detailed cor;ditians for the test were:
Test channels: IRIG channels 1 through 18
Multiplex level: 1.0 volt rms
IF S/N ratio: 39 db
Deviation ratio: 5, 2, and 1
LPOF: Nominal‘fc for DR, constant amplitude 18 db/octave type
Figures 1I-3, 2-3 through II-3, 3-20 show the results of the 18-channel system
test. The data has been summarized in Figure [-3,4-2,
3.3.3.2 Wideband IRIG Baseband
- The detailed conditions for the test were:
Test channels: IRIG channels 1 through 156 plus chanqel E |
Multiplex level: 1.0 volt rms
IF S/N Ratio: 39 db
‘Deviation ratio: 5

LPOF: Nominal fc for DR = 5, constant amplitude 18 db/octave
type ‘

Figures l-3. 3-21 through 1I-3.3-26 show the results of the widetand IRIG Sys-
tem operated at a deviation ratio of 5. The data is summarized in Table 1-3, 4-3,
3.3.3.3 Expanded Basebancd
The detailecd conditions for this test were:

Test channels: 1 through 21

Multiplex level: 750 mv rms
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- IF S/N ratio: 39 db
Dev‘utiqn ratio: §

LPOF: Nominal f for DR : 8§, constant amplitude 18 db/octave
type '

Figures -3, 3-27 through 1I-3, 3-33 show the results of the 21-chaanel system,
. The data is summarized in Table [-3.4-3.

3.3.3.4 Wideband Expanded Baseband

The detailed conditions for this test were:

Test channels: [ through 1§ plus channel H
Multiplex level: 630 mv rms

IF S/N ratio: ‘39 db

Deviation ratio: 5

LPOF: Nomiinal f{_ for DR = 5, constant amplitude 16 db/octave
type ‘

Figures lI-3, 3-34 through 1lI-3, 3-40 show the results of the wideband expanded
baseband system. The data has been summarized in Table 1-3,4-3,

3.3.3.5 Constant-Bandwidth Baseband

The detailed conditicns for this test were:

Test channel. : 1 through 21
Multiplex i~vel: 360 mv rms
IF S/N ratio: 39 db
Deviation ratio: 2

LPOF: Nominal fc for DR = 2, constant amplitude 42 db/octave
type "

Figures 1I-3, 3-41 through LI-3,. 3-47 show the results ot the constant-bandwidth
baseband intermodulation for a deviation ratio = 2. This data is summarized in
Table 1-3, 4-4.
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Figures li-3, 3-48 through l1-3. 3-55 show the results of intermodulation data for
constant~-bandwidth channels 6, 10, 14, and 19 for deviation ratios of 1, 2, and

4 for these conditions of modulation on all other channels: modulation index equal
to deviation ratio of search channel and with all channels at c:ent.er frequency un-
modulated. This data is summarized in Table [-3, 4-5 . ‘

Figure 1I-3,3-56 shows a comparison of deviation ratios of 4, Z and 1 on con-
stant-bandwidth channel 6, Figure ll-3,3-57 shows the effect of changing the sub-
carrier discriminator output filter from a 7 pole (42 db/octave) to a 3 pole (18 db/-
octave)type on constant-bandwidth channels 3, 6, and 19.. Figure LI-3.3-58 shows
the effect of bypassirg the rf link in the constant-bandwidth system for channel 6°
operated at a deviation ratio of 2. Figure 1I-3.3-59 shows the effect of replacing
the Nems-Clarke Model 1455A with a Defense Electronics Model TMR-ZA Re-.
ceiver in the normal constant-bandwxdth system. The above data is summarized

in Table [-3,4-7,

The counstant-bandwidth-system intermodulation was investigated using an EMR
Model 246A in place of the Leach Model FM 200 Transmitter. Data for various
system modifications was taken and is shown in Figures II-3,3-60 and 1I-3. 3-61.
This data is discussed in Section 3.4 of Volume | and is summarized in Table

1-3,4-8,
3.3.3.6 Combinational-Bandwidth Baseband
The detailed conditions for this test were:

Ta2st channels: IRIG channels 1 through 11; CBW channels 1
through 21 :

Multiplex level: 635 mv rms; IRIG channels, 210 mv rms;
CBW channels, 600 mv rms :

IF S/N ratio: 39 db
Deviation ratio: IRIC channels, DR = 5 CBW channels, DR = 2

LPOF: Nominal fc for DR used, constant amplitude: 42 db/oc-
tave for CBW channels, 18 db/octave for IRIG channels

Figures I1-3. 3-62 through II-3, 3-72 show the results of the combinational~-band-

width baseband intermodulation. Figure 1I-3,3-73 shows the inclusion of IRIG
channel 12 into the baseband. This data is summarized in Table I-3. 4-6.
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Trace No. 1
V 2 Sviem
H= Slqcfcm

‘race No. 2
"= QL 2v/em
2 5gec/cm

1

100%
FBW

LBE CF HBE

a. Search Channel: 22 kc. 52.5 kc and 30. 0 kc at center
frequency, all other channels off. RM> level - $53 mv max.

b. Search Channel: 22 kc. 52.5 kc and 30, 0 ke modulated
FBW at 0,1 fm' All other channels off. RMS level = 12 mv max.

FIGURE II-3, 3-2 4
{MODULATION TEST: CALIBRATION AND EXPLANATION OF TECHNIQUE
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DR = 5
Vertical: 0.5% FBW/cm
RMS Level = 14 mv max

DR =2
Vertical: 2.5% FBW/cm
RMS Leve! = 46 mv max

DR =1
Vertical: 5.0% FBW/cm
RMS Level = 90 mv max

LBE CF HBE

FIGURE II-3, 3-3 :
INTERMODULATION TEST: IRIG MULTIPLEX;
SEARCH CHANNEL DR = 5, 2, AND 1; CHANNEL 1
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S ame BT

a. DR=5
Vertical: 0.5% FBW/cm
RMS Level = 11 mv max .

G TER . -

ERS

b. DPR =2
Vertical: 2.5% FBW/ecm
RMS Level = 50 mv max

s R

¢. DR=1
Vertical: 5.0% FBW/cm )
RMS Level = 300 mv max b

LEE ' CF HBE

FIGURE II-3. 3-4

INTERMODULATION TEST: IRIG MULTIPLEX;
SEARCH CHANNEL DR =5, 2, AND I; CHANNEL 2

ks

g
1
bl
A
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LBE

CF '~ HBE

FIGURE II-3, 3-5

a.

c.

DR =8 ‘
Vertical: 0.5% FBW/cm
RMS Level = 2 mv max

DR = 2 .
Vertical: 2.5% FBW/cm
RMS Level = 280 mv max

DR =1
Vertical: 5.0% FBW/cm
RMS Level = 1050 mv max

INTERMODULATION TEST: IRIG MULTIPLEX;
SEARCH CHANNEL DR =5 2, AND 1; CHANNEL 3
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LBE CF HBE

FIGURE II-3, 3-6

a. DR=5
Vertical: C.5% FBW/cm

RMS Level = 15 mv max

DR =2
Vertical: 2.5% FBW/cm
RMS Level = 130 mv max

DR =1
Vertical: 5.0% FBW/cm
RMS Level = 630 mv max

INTERMODULATICON TEST: IRIG MULTIPLEX;
SEARCH CHANNEL DR =5, 2, AND 1; CHANNEL 4
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‘a. DR =58
. Vertical: 0.5%% FBW/cm
RMS Level = 18 mv max

b. DR =2 4 ~ '
Vartical: 2.5% FBW/cm
RMS Level = 50 mv max

¢c. DR=1
Vertical: 5.0% FBW/cm
RMS Level = 110 mv max

LBE CF HBE

FIGURE 1I-3, 3-7
INTERMODULATION TEST: IRIG MULTIPLEX;
SEARCH CHANNEL DR =5, 2, AND 1; CHANNEL 5
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a. DR=5§
Vertical: 0.5% FBW/cm
RMS Level = 15 mv max

b. DR=2
Vertical: 2.5% FBW/cm
RMS Level = 55 mv max

¢c. DR=1
Vertical: 5.0% FEW/cm
RMS Level = 240 mv max

LBE CF HBE

FIGURE II-3, 3-8
INTERMODULATION TEST: IRIG MULTIFLEX; i
SEARCH CHANNEL DPR. = 5, 2, AND 1; CHANNEL ¢
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a. DR=5 »
Vertical: 0.5% FBW/cm
RMS Level = 16 mv max

b. DR =2 :
Vertical: 2.5% FBW/cm
RMS Level = 45 mv max

c. _DR =1
Vertical: 5.0% FBW/cm
RMS Leével = 140 mv max

LBE CF ~ HBE

FIGURE II-3, 3-9
INTERMODULATION TEST: IRIG MULTIPLEX;

.SEARCH CHANNEL DR =5, 2, AND 1; CHANNEL 7
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a. DR =3
Vertical: 0.5% FBW/cm
RMS Level = 15.5 mv max

b. DR=2
Vertical: 2.5% FBW/cm
RMS Level = 170 mv max

c. DR=1
Vertical: 5.0% ¥FI3W/cm
RMS Level = 680 mv max

LBE CF HBE

FIGURE II-3, 3-10
INTERMODULATION TEST: IRIG MULTIPLEX;
SEARCH CHANNEL DR =5, 2, AND 1; CHANNEL 8
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CF HBE

FIGURE II-3, 3-11

a.

C.

DR =5
Vertical: 0.5% FBW‘/cm
RMS Level = 17 mv max

DR =2 -
Vertical: 2.5% FBW/cm
RMS Level = 75 mv max

DR =1
Vertical: 5.0% FBW/cm
RMS Level = 300 mv max

INTERMODULATION TEST: IRIG MULTIPLEX;
SEARCH CHANNEL DR =5, 2, AND 1; CHANNEL 9
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a. DR=5 :
Vertical: 0.5% FBW/cm
RMS Level = 18 mv max

b. DR=2 .
Vertical: 2.5% FBW/cm
BMS Level = 53 mv max

c. DR=1 .
Vertical: 5.0% FBW/cm
RMS Level = 85 mv max

LBE CF  HBE'

FIGURE II.3, 3-12
INTERMODULATION TEST: IRIG MULTIPLEX;
SEARCH CHANNEL DR = 5, 2, AND 1; CHANNEL 10




a. DR=5 _
Vertical: 0.5% FBW/cm
RMS Level =17 mv max

b. DR=2
Vertical: 2.5% FBW/cm
RMS Level: 70 mv max

c. DR =1
Vertical: 5.0% FBW/cm
RMS Level: 170 mv max

LBE CF HBE

FIGURE II-3, 3-13
INTERMODULATION TEST: IRIG MULTIPLEX;
SEARCE CHANNEL DR =5, 2, AND 1; CHANNEL 11
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a. DR=5
~ Vertical: 0.5% FBW/cm
RMS Level = 19 mv max

b. DR=2 v
Vertical: 2.5% FBW/cm
RMS Level = 55 mv max

c. DR=1 :
Vertical: 5.0% FBW/cm =
RMS Level = 90 mv max H

:

LBE CF HBE

. FIGURE 1I-3. 3-!4
INTERMODULATION TEST: IRIG MULTIPLEX;
SEARCH CHANNEL DR =5, 2, AND 1; CHANNEL 12

g
tat
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a. DR=5
Vertical: 0.5% FBW/cm
RMS Level = 20 mv max

b. DR =2 ‘
Vertical: 2.5% FBW/:m
RMS Level = 55 mv max

c. DR=1
Vertical: 5.0% FBW/cm
RMS Level = 100 mv max

LBE . CF HBE

FIGURE II-3, 3-15
INTERMODULATION TEST: IRIG MULTIPLEX;
SEARCH CHANNEL DR = 5, 2, AND 1; CHANNEL 13
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DR =5
Vertical: 0.5% FBW/cm

cp s e R s EEan

RMS Level: 19 mv max
b. DR=2
Vertical: 2.5% FBW/cm p
RMS Level = 78 mv max
;

i

-

c. DR=1 ]
Vertical: 5.0% FBW/cm
RMS Level = 200 mv max

i
*

FIGURE IlI-3, 3-16 3‘

&

INTERMODULATION TEST: IRIG MULTIPLEX; il
SEARCH CHANNEL DR =5, 2, AND 1; CHANNEL 14 K
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a. DR =5 :
Vertical: 0.5% FBW/cm
RMS Level = 19 mv max

b. DR =2 :
Vertical: 2.5% FBW/cm
RMS Level = 80 mv max

c. DR=1 :
Vertical: 5.0% FBW/cm
RMS Level = 250 mv max

LBE CF HBE

FIGURE 1I-3, 3-17
INTERMODULATION TEST: IRIG MULTIPLEX;
SEARCHE CHANNEL DR =5, 2, AND 1; CHANNEL 15
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a. DR=58
Vertical: 0.5% FBW/cm
RMS Level = 19..5 mv max

b. DR =2 o
Vertical: 2.5% FBW/cm
RMS Level = 90 mv max

c. DR=1. |
Vertical: 5.0% FBW/cm
RMS Level = 350 mv max

LBE CF HBE

FIGURE I1I-3. 3-18
INTERMODULATION TEST: IRIG MULTIPLEX;
SFARCH CHANNEL DR =5, 2, AND 1; CEANNEL 16
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a. DR =5
Vertical: 0. 5% FBW/cm
RMS Level = 25 mv max

b. DR=2 S
Vertical: 2. S%ZFBW/cm
RMS Level = 80 mv max

' C. DR = 1 N
Vertical: 5. 0% FBW/cm
RMS Level = 300 mv max

LBE Cr "HBE

FIGURE 1I-", 3-19
INTERMODULATION TEST: IRICG MULTIPLEX
SEARCH CHANNEL DR = 5, 2, AND 1; CHANNEL 17
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a. DR=56
Vertical: 0.5% FBW/cm
RMS Level = 2] mv max

b. DR=2
Vertical: 2.5% FBW/cm
RMS Level = 90 mv max

¢c. DR =1
Vertical: 5.0% FBW/cm
RMS Level = 350 mv max

LBE CF HBE

FIGURE II-3, 3-20
INTERMODULATION TEST: IRIG MULTIPLEX;
SEARCH CHANNEL DR =5, 2, AND i; CHANNEL 18
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Channel 1, 400 cps £7. 5%
DR = 5
RMS Level = 28 mv max.

Cha.nel 2, 560 cps 7. 5%
DR =5
RMS Level = 23 mv max.

'

Channel 3,‘, 730 cps
DR =5
RMS Level = 26 mv max.

LBE CF HBL

Horizontal: 5 sec/cm Vertical: 0.5% FBW/cm

FIGURE 1I-3, 3-21
INTERMODULATION TEST: IRIG WIDEBAND MULTIPLEX;
SEARCH CHANNEL DR = 5; CHANNELS 1, 2, AND 3




Channel 4, 960 cps %7, 5%

DR =5
RMS Level = 15 mv max.

Channel 5 1.3 kc %7, 5%

DR =
RMS Level = 18 mv max.

Channel 6, 1. 7 kc 7. 5%

DR =5
RMS Level = 15 mv max.

IL.LBE
Horizontal: 5 gsec/cm Vertical: 0.5% FBW/cm

FIGURE II-3, 322
IN"‘ERMODULATION TEST: IRIG WIDEBAND MULTIPLEX; A ‘
SEARCH CHANNEL DR = 5; CHANNELS 4, 5, AND 6 :
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Channel 7, 2.3 kc 7. 5%
DR =5
RMS Level = 14 mv max.

Channel 8, 3 kc 7. 5%
DR =5
RMS Level = 12 mv max.

Channel 9, 3, 9 kc £7. 5%
DR =5
RMS Level = 12, 5 mv max.

LBE - CF HBE

Horizontal: 5 sec/cm Vertical: 0.5% FBW/cm

FIGURE II-3, 3-23
INTERMODULATION TEST: IRIG WIDEBAND MULTIPLEX;
SEARCH CHANNEL DR = 5; CHANNELS 7, 8, AND 9
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Channel 10, 5.4 kc £7. 5%
DR =5 ‘
RMS Level = 17, 5 mv max.

Channel 11, 7. 35 kc %7. 5%
DP. =5
RMS Level = 16. 5 mv max.

Channel 12, 10.5 kc £7. 5%
DR =5
RMS Level = 17 mv max.

Horizontal: 5 sec/cm Vertical: 0.5% FBW/cm

FIGURE II-3. 3-24
INTERMODULATION TEST: IRIG WIDEBAND MULTIPLEX;
SEARCH CHANNEL DR = 5; CHANNELS 10, 11, AND 12
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Channel 13, 14.5 k¢ %7, 5%
DR=5 ' ‘
RMS Level = 15 mv max.

Channel 14, 22 kc 7. 5%
DR =5
RMS Level = 17 mv max.

Channel 15, 30 kc £7. 5%
DR =5 .
RMS l.evel = 19 mv max.

LBE CF HBE

Horizontal: 5 sec/cm Vertical: 0.5% FBW/cm

FIGURE 1I-3, 3-25
INTERMODULATION TEST: IRIG WIDEBAND MULTIPLEX;
SEARCH CHANNEL DR = 5; CHANNELS 13, 14, AND 15
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‘Channel 16, 40 kc 7. 5%
DR=5 . -
RMS Level = 25 mv max.

" Channel E, 70 kc £15%
DR =% ‘
RMS Level = 16, 5 mv max.

LBE . CF . HBE

Horizontal: 5 sec/cm Vertical: 0. 5% FBW/cm

FIGURE II-3, 3-26 :
INTERMODULATION TEST: IRIG WIDEBAND MULTIPLEX;
SEARCH CHANNEL DR = 5; CHANNELS 16 AND E
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Channel 1, 400 cps £7. 5%
DR =5
RMS Level = 20 mv max.

Channel 2, 560 cps %7, 5%
DR =5
RMS Level = 25 mv max,

Channel 3, 730 cps 7. 5%
DR =5 :
RMS Level = 18 mv max.

LBE CF ‘ HBE

Horizontal: 5 sec/cm Vertical: 0.5% FBW/cm

FIGURE II-3, 3-27
INTERMODULATION TEST: EXPANDED MULTIPLEX;
SEARCH CHANNEL DR = 5; CHANNELS 1, 2, AND 3
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Channel 4, 960 cps 27. 5%
DR =5
RMS Level = 13 mv max,

Channel 5, i.3 kc %7.5%
DR =5 ‘
RMS Level = 20 r v max.

Channel 6, 1. 7 ke 7. 5%
DR =5

RMS Leyel = 18 mv max.

LBE CF | HBE .

Horizontal: 5 sec/em Vertical: 0.5% FBW/cm

FIGURE II-3, 3-28
INTERMOLCULATION TEST: EXPANDED MULTIPLEX;
SEARCH CHANNEL DR = 5; CHANNELS 4, 5, AND 6
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Charnel 7, 2.3 ke 27. 5%
DR = §
RMS Level = 15 mv max.

Channel 8, 3,0 kc 7. 5%
DR =5
RMS Level = !5 mv max.

Channel 9, 3.9 kc £7. 5%
DR =5
RMS Leve! = 15 mv max.

LBE CF HBE

Horizontal: 5 sec/cm Vertizal: 0.5% FBW/cm

FIGURE II-3, 3-29
INTERMODULATION TEST: EXPANDED MULTIPLEX;
SEARCH CHANNEL DR = 5; CHANNELS 7, 8, AND 9.
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Channel 10, 5. 4 kc %7. 5%
DR =2S§
RMS Level = 19 mv max.

Channel 11, 7. 35 ke £7. 5%
DR =65 T
RMS Level = 18 mv max.

Channel 12, 10. 5 kc #7. 5% : :
DR =5 ;
RMS Level = 19 mv max.

LBE CF HBE |
'Horizontal: S5sec/cm Vertical: 0.5% FBW/cm
FIGURE 11-3, 3-30

INTERMODULATION TEST: EXPANDED MULTIPLEX;
SEARCH CHANNEL DR = 5; CHANNELS 10, 11, AND 12

SRR 2
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LBE CF

Horizontal: 5 sec/cm

SEARCH CHANNEL DR =

FIGURE II-3, 3-31
INT ERMODULATIO\I TEST: EXPANDED MULTIPLEX;

Channel 13, 14.5 kc 7. 5%
DR = 5 '
RMS Level = 24 mv max.

Channel 14, 22,0 ke 27. 5%
DR =5
RMS Level = 31 mv iax.

Channel 15, 30.0 kc 27, 5%
DR =5
RMS Level = 32 mv max.

Vertical: 0.5% FBW/cm

5; CHANNELS 13, 14, AND 15
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Channel 16, 40.0 kc £7. 5%
DR =5 : _
RMS Level = 35 mv max.

Channel 17, 52.5 kc 7. 5%
DR =5
RMS Level = 36 mv max.

Channel 18, 70. 0 kc 7. 5%
DR =5 |
RMS Level = 31 mv max.

LBE CrF HBE

Horizontal: 5 sec/cm. . Vortical: 0.5% FBW/cm

‘ FIGURE II-3. 3-32
INTERMODULATION TEST: EXPANDED MULTIPLEX;
SEARCH CHANNEL DR = 5; CHANNELS 16, 17, AND 18
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Channel 19, 93.0 kc 27. 5%
DR =5 .
RMS Level = 27 mv max.

Channel 20, 124. 0 ke 7. 5%
DR=5
- RMS Level = 26 mv max,

Channel 21, 165. 0 ke %7. 5%
DR =5 ‘
RMS Level = 2] mv max,

LBE CF HBE

Horizontal: 5 sec/em Vertical: 0.5% FBW/cm

FIGURE II-3, 3-33 '
INTERMQODULATION TEST: EXPANDED MULTIPLEX;
SEARCH CHANNEL DR = 5; CHANNELS 19, 20, AND 21
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Channel 1, 400 cps £7. 5%
DR=5
RMS Level = 24 mv max.

Channel 2, 560 cps #7. 5%
DR =5 ,
RMS Level = 20 mv max.

Channel 3, 730 cps 7. 5%
DR =5

LBE CF HBE

Horizontal: 5 sec/cm Vertical: 0.5% FBW/cm

| FIGURE I1-3. 3-34
INTERMODULATION TEST: EXPANDED WIDEBAND MULTIPLEX;
SEARCH CHANNEL DR = 5; CHANNELS 1, 2, AND 3
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Channel 4, 960 cps 27, 5%
DR =5
RMS Level = 16 mv max.

Channel 5, 1.3 kc %7. 5%
DR =5
RMS Level = 16 mv max.

Channel 6, 1. 7 ke %7. 5%
DR =5§
RMS Level = 15 mv max.

LBE CF HBE

Horizontal: 5 sec/cm Vertical: 0.5% FBW/cm

FIGURE II-3, 3-35
INTERMODULATION TEST: EXPANDED WIDEBAND MULTIPLEX;
SEARCH CHANNEL DR = 5; CHANNELS 4, 5, AND 6
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Channel 7, 2.3 kc %7, 5%
DR=§
RMS Level = 17 mv max.

Channel 8, 3.0 kc 7. 5%
DR =5
RMS Level = 15 mv max.

Channel 9, 3.9 kc £7. 5%
DR=58 ' .
RMS Level = 16 mv max.

LBE CF HBE

Horizontal: 5 sec/cm Vertical: 0.5% FBW/cm

FIGURE 1.3, 3-36 '-
INTSRMODULATION TEST: EXPANDED WIDEBAND MULTIPLEX;
SEARCH CHANNEL DR = 5; CHANNELS 7, 8, AND 9
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Channel 10, 5.4 kc £7. 5%
DR =5
RMS Level = 18 mv max.

Channel 11, 7. 35 kc 7. 5%
DR =5
RMS Level = 18 mv max.

Channel 12, 10, § kc 7. 5%
DR =5
RMS Level = 16 mv max.

LBE CF HBE

Horizontal: 5 sec/cm Vertical: 0.5% . BW/cm

FIGURE 1I-3, 3-37
INTERMODULATION TEST: EXPANDED WIDEBAND MULTIPLEX;
SEARCH CHANNEL DR = 5; CHANNELS 10, 11, AND 12
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Channel 13, 14.5 ke %7. 5%
DR =5 :
RMS Level

20 mv max.

‘Channel 14, 22 kc £7. 5%
DR =5
RMS Level = 27 mv max.

Channel 15, 30 kc £7. 5%
DR =5
RMS Level = 22 mv max.

LBE CF "HBE

Horizontal: 5 sec/cm Vertical: 0.5% FBW/cm

FIGURE II-3, 3-38
INTERMODULATION TEST: EXPANDED WIDEBAND MULTIPLEX;
SEARCH CHANNEL DR = 5; CHANNELS 13, 14, AND 15
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Channel 16, 40 kc 27, 5%
DR =5 ‘
RMS Level = 23 mv max.

Channel 17, 52.5 kc £7. 5%
DR =5 .
RMS Level = 24 mv max.

Channel 18, 70 kc 7. 5%
DR = 5
RMS Level = 30 mv max.

LBE . CF HBE

Horizontal: 5 sec/cm Vertical: 0.5% FBW/cm

FIGURE II-3, 3-39
INTERMGDULATION TEST: EXPANDED WIDEBAND MULTIPLEX;
SEARCH CHANNEL DR = 5; CHANNELS 16, 17, AND 18
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Channel 19, 93 kc %7, 5%
DR =5
RMS Level = 25 mv max.

Channel H, 165 ke £15%
LR =5 .
RMS Level = 25 mv max.

LBE CF HBE

Horizontal: 5 sec/cm Vertical: 0.5% FBW/cm

FIGURE II-3, 3-40
INTERMODULATION TEST: EXPANDED WIDEBAND MULTIPLEX;
SEARCH CHANNEL DR = 5; CHANNEL 19 AND H
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LBE CF HBE

Horizontal: 5 sec/cm

- FIGURE 1I-3. 3-41

Channel 1, 16, 0 kc %2 ke

RMS Level - 86 mv max.

Channel ¢, 24.0 kc 2 kc

RMS Level = 94 mv max.

Channel 3, 32,0 kc #2 ke

RMS Level = 110 mv max.

Vertical: 2.5% FBW/cm

INTERMODULATICN TEST: CONSTANT-BANDWIDTH MULTIPLEX, MI = 20;
SEARCH CHANNEL DR = 2; CHANNEILS 1, 2, AND 3
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Channel 4, 40. 0 kc £2 k¢

RMS Level = 97 mv max.

Chaanel 5, 48. 0 kc %2 kc

RMS Level = 94 mv max.

Channel 6, 56. 0 kc £2 kc

RMS Level = 140 mv max.

LBE CF

HBE

Horizontal: 5 sec/cm Vertical: 2.5% FBW/cm

VS

-

*
FIGURE 1I-3, 3-42 “’

VTERMODULATION TEST: CONSTANT-BANDWIDTH MULTIPLEX, MI = 20;
SEARCH CHANNEIL DR = 2; CHANNELS 4, 5, AND ¢ j
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Channel 7, 64. 0 kc 22 kc

RMS Level = 86 mv max.

Channel 8, 72.0 kc +2 ki

RMS Level = 85 mv max.

Channel 9, 80.0 kc +2 kc

RMS Level = 86 mv max.

LBE - CF ' HBE

Horizontal: 5 sec/cm A ~Vertical: 2.5% FBW/cm

FIGURE II-3, 3-43 :
INTERMODULATION TEST: CONSTANT-BANDWIDTH MULTIPLEX, MI = 20;
SEARCH CHANNEL DR = 2; CHANNELS 7, 8, and 9
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Channel 10, 88, 0 k¢ %2 kc

RMS Level = 89 mv max.

Channel 11, 96. 0 kc 22 kc

RMS Level = 87 mv max.

Channel 12, 104. 0 kc %2 kc

RMS Level = 86 mv max.

LBE ~ CF HBE

Horizontal: 5 sec/cm Vertical: 2.5% FBW/cm

FIGURE Ii-3, 3-44
INTERMODULATION TEST: CONSTANT-BANDWIDTH MULTIPLEX, MI =20;
SEARCH CHANNEL DR = 2; CHANNELS 10, 11, AND 12
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Channe_l 13, 112, 0 k¢ %2 k¢

R.‘dS’»Level' = 81 mv max.

Channel 14, 120. 0 kc #2 kc

RMS l.evel = 90 mv max.

Channel 15, 128. 0 ke 42 ke

RMS Level = 83 mv max.

LBE - CF HBE

Horizontal: 5 sec/cm ’ | ~ Vertical: 2. 5% FBW/cm

| FIGURE II-3, 3-45 | .
INTERMODULATION TEST: CONSTANT-BANDWIDTH MULTIPLEX, MI = 20;
SEARCH CHANNEL DR = 2; CHANNELS 13, 14, AND 15 |
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Channel 16, 136. 0 kc 22 ke

RMS Level = 85 mv max.

Channel 17, 144. 0 k¢ %2 kc

RMS Level = 86 mv max.

Channe!l 18, 152. 0 kc %2 k¢

RMS Lev~l = 81 mv max.

LBE | CF HBE

Horizontal: & sec/cm Vertical: 2.5% FBW/cm

FIGUF.... II-3, 3-46
LNTERMODULATION TEST: CONSTANT-BANDWIDTH MULTIPLEX, Mi = 20;
SEARCH CHANNEL DR = 2; CFANNELS 16, 17, AND 18
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Channel 19, 160, 0 kc *#2 kc

RMS Level = 91 mv max.

Channel 20, 168. 0 kc *2 kc

RMS Level = 85 mv max.

Channel 21, 176. 0 kc %2 kc

RMS Level = 82 mv max,

LBE CF HBE

Horizontal: 5 sec/cm Vertical: 2.5% FBW/cm

FIGURE I1-.3, 3-47
INTERMODULATION TEST: CONSTANT-BANDWIDTH MULTIPLEX MI = 20;

SEARCH CHANNEL DR = 2; CHANNELS 19, 20, AND 21
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EETT Tt

Channel 6: 56. 0 k¢ £2 ke

RMS Level = 152 mv max.

"
i

£ R et bR g + n s

Channel 10: 8+4. 0 kc +2 ke

RMS Level = 93 mv max.

I

)

ER e

Channel 14: 120, 0 kc +2 kc

RMS Level = 92 mv max.

Channel 19: 160. 0 kc £2 kc

RMS Level = 94 mv max.

LBE  CF HBE

Horizontal: 5 sec/cm Vertical: 2.5% FBW/cm

‘ FIGURE II-3, 3-48
‘NTERMODULATION TEST: CONSTANT-BANDWIDTH MULTIPLEX, MI = 2;
SEARCH CHANNEL DR = 2; CHANNELS 6, 10, 14, AND 19
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.Chaanel 6, 56.0 kc +2 kc

RMS Level = 200 mv max.

g 1
Channel 10, 88.0 kc %2 ke

RMS Level = 128 mv max.

Channel 14, 120. 0 kc #2 ke

RMS Level = 120 mv max.

Channel 19, 160. 0 kc 2 ke

RMS Level = 106 mv max.

LBE CF : .HBE
Horizontal: 5 gec/cm | Vertical: 2.5% FBW/cm'
FIGURE 11-3, 3-49
INTERMODULATION TEST: CONSTANT BANDWIDTH MULTIPLEX,

VCO'S AT CENTER FREQUENCY; SEARCH CHANNEL DR = 23
CHANNELS 6, 10, 14, AND 19
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AT

Channel 6: 56. 0 kc £2 ke

ol JEAE e
A=y

RMS Level = 285 mv max..

Channel 10: 88. 0 kc %2 kc

RMS Level = 205 mv max.

Channel 14: 120. 0 kc %2 ke

RMS Level = 200 mv max.

Channel 19: 160. 0 kc £2 kc

RMS Level = 210 mv max.

LBE CF HBE

Horizontal: 5 sec/cm Vertical: 5.0% FBW/cm

i

|

FIGURE II-3, 3.50
NTERMODULATION TEST: CONSTANT-BANDWIDTH MULTIPLEX, MI = 20;

SEARCH CHANNEL DR = 1; CHANNELS 6, 10, 14, AND 19
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Channel 6: 56. 0 ke £2 ke

RMS Level = 330 mv max,

Channel 10: 88. 0 ke +2 kc

RMS Level = 310 mv max

Channel 14: 120. 0 kc #2 kc

RMS Level = 440 mv max

Channel 19: 160. 0 kc #2 kc

RMS Level = 300 mv max.

LBE | CF HBE

Horizontal: 5 sec/cm Vertical: 5.0% FBW/em

FIGURE II-3, 3-51
INTERMODULATION TZST: CCNSTANT-BANDWIDTH MULTIPLEX Ml =1;
SEARCH CHANNEL DR = 1; CHANNELS 6, 10, 14, AND 19
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Channel 6, 56, 0 kc %2 kc

RMS Level = 330 mv max.

Channel 1G, 88. 0 kc +2 kc

RMS Level = 260 mv max.

Channel 14, 120. 0 kc £2 kc

RMS Level = 220 mv max.

Channel 19, 160, 0 kc %2 kc

RMS Level = 218 mv max,

LBE CF HBE

Horizontal: 5 sec/ecm Vertical: 5.0% FBW/cm

FIGURE II-3, 3-52
INTERMODULATION TEST: CONSTANT BANDWIDTH MULTIPLEX,
VCO'S AT CENTER FREQUENCY; SEARCH CHANNEL DR = 1;
C"IANNELS 6, 10. 14, AND 19
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Channel 6: 56, 0 ke 2 ¥c

RMS Level = 34 mv mas:.

Channel 10: 88, 0 k¢ £2 kc

RMS Level = 17. 5 mv max.

Channel 14: 120, 0 ke #2 kc

RMS Level = 18, 6 mv max.

Channel 19: 160. 0 kc %2 ke

KMS Level = 19. 5 mv max.

LBE CF ' HBE

Horizontal: 5 sec/cm Vertical: 9.5% FBW/cm

FIGURE II-3, 3-53 .
INTERMODULATION TEST: CONSTANT-BANDWIDTH MULTIPLEX, MI = 20;
SEARCH CHANNEL DR = 4; CHANNELS 6, 10, 14, AND 19
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